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XL . — Compounds of Thiocyanates of certain Bivalent 
Metals and Hydrazine. 

By Priyadakanjan Ray and Pulin Vihari Sarkar. 

It has already been shown (Curtins and Schrader, J. 'pr. Chem., 
1894, [ii], 50,’3ll; Hofmann and Marburg, Ber., 1897, 30, 2019; 
Franzen and Mayer, Zeitsch. anarg. Chem,j 1909, 60, 247; Franzen 
and Lucking, ibid.^ 1911, 70, 145) that hydrazine gives compounds 
with various metallic salts similar to those formed by ammonia, 
and in the present paper compounds of hydrazine with the thio- 
cyanates of nickel, cobalt, zinc, cadmium, and manganese are 
described. These compounds are closely related as regards their 
chemical and physical properties. They are all sparingly soluble 
in water, the nickel compound being the least soluble. Hence 
they have all been prepared by the addition of an ammoniacal 
hydrazine sulphate solution to the solution of any of the metallic 
salts in the presence of sufficient ammonium thiocyanate. The 
nickel and cobalt compounds possess very characteristic colours. 
They are all crystalline, and, with the exception of the nickel com- 
pound, all are decomposed by hot water into the corresponding 
metallic hydroxides; the manganese compound is immediately 
decjomposed even by cold water, but in the presence of sufficient 
ammonium thiocyanate solution and hydrazine they can be pre- 
served in cold water without any decomposition for a long time, air 
being carefully excluded in the case of the manganese compound. 
The nickel salt is very stable, and is not decomposed by boiling 
with water for a long time or by heating at 150° in the dry state. 
Cobalt stands next to nickel as regards stability. Judging from 
the marked change in the solubility of these compounds, and in the 
colour of the nickel and cobalt compounds, from those of their 
constituents, both the thiocyanates of the above metals and hydr- 
azine being freely soluble in water, it can be safely asserted that 
complex ions are formed, and this has been conclusively proved by 
determining the conductivity of the nickel compound. The mole- 
cular conductivity was found to be 210*4, a value which indicates 
the presence of three ions and closely approaches those determined 
by Werner and Miolati {Zeitsch. physikal. Chem., 1893, 12, 34; 
1894, 14, 506) for complex ammonia salts of platinum, cobalt, and 
chromium. The values obtained by them for the molecular con- 
ductivity of those salts which yield two free ions in addition to 
the complex ion range from 234*4 to 267*6. The composition and 
^VOL. CXVU, ' N 
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constitution of these compounds are thetetee repr^enW by the 
general formute R(SCN) 2 , 2 NjH 4 and [RlNaH,)^ (SCN) 2 , where 
R stands for Ni, Co, Zn, Cd, or Mn. 


Experimental. 

Compound of Ifkhd ThiocyanMe and Hydrazim.-^k solution of 
nickel sulphate was mixed with a concentrated solution of 
ammonium thiocyanate, and an ammoniacal solution of hydrazine 
sulphate was added. A voluminous violet-blue powder was pre- 
cipitated, which was washed with water and dried in a vacuum. 
The substance is crystalline and very sparingly soluble in water, 
100 grams dissolving 0-079 gram at 30^. It is not^ appreciably 
changed by cold dilute ammonia or acids, but on heating with the 
latter it decomposes and passes into solution, and with hot ammonia 
it becomes soluble, forming the blue nickel-ammonia cation : 

01631 gave 0-0512 NiO. Ni = 24-7. 

0*1097 „ (after oxidation with bromine) O' 2150 BaS 04 . 

S=26-9. 

O’ 02 63, on treatment with alkaline ferricyanide (Ray and Sen, 
Zeitsch. anorg. Chem., 1912, 76, 380), gave S'S c.c. at 
30*^ and 753-6 mm. N 2 H 4 = 26-9. 

Ni(SCN)2,2N2H4 requires Ni = 24-6; 8 = 26*85; N2H4=26-85 per 
cent. 

A solution of the substance in conductivity water was obtained 
by shaking for several hours at 24 '5°. The resistance was found 
to be 1600 ohms. The strength of the solution was 0-0128 per 
cent., the cell constant O' 169, and hence the molecular con- 
ductivity =210-4 at 24-5°. 

Compound of Cohalt Thiocyanate and Hydrazine . — A solution of 
cobalt chloride was employed, and the same procedure was followed 
as in the case of the nickel compound. A voluminous, flesh- 
coloured powder was precipitated, which was washed with aqueous 
alcohol, then with absolute alcohol, and dried in a vacuum. The 
dry substance is fairly stable, decomposing at about 150° into 
black cobalt oxide. On heating with water, the substance decom- 
poses, with the formation of cobaltous hydroxide. It is soluble 
both in dilute ammonia and dilute acids : 

0-2511 gave 0-0623 Co. Co = 24-8. 

0-1446 „ 0-2817 BaSO^. S = 26'74. 

0-0239 „ 5-3 c.c. No at 30° and 750-06 mm. N 2 H 4 = 26-9. 
Co(SCN) 2,2N2H4 requires Co=24-7; S=26-8; N2H4-26'8 per cent. 

Compound e/ Cadmium Thiocyanate and Hydrazine , — A concen- 
trated solution of cadmium chloride was employed, and the same 
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procedure was followed as described above. A white, crystalline 
precipitate was obtained, which was collected, washed with alcohol, 
and dried in a vacuum. The substance decomposes into cadmium 
hydroxide on heating with water. It ia soluble in dilute ammonia 
or dilute acids : 

0’0563 gave 0-0404 CdSO^. Cd = 38-6. 

0-1346 „ 0-2139 BaS04. S = 21-81. 

0-0541 „ .9'7 c.c. N. at 30^ and 757'9 mm. N 2 H 4 = 22-05. 

Cd(SCN)2,2N2H4 requires Cd = 38*44; S~21-9; N2H4==21'9 per 
cent. 

Compound of Zinc Thiocyanate and Hydrazine. — The same 
method of preparation was followed with a concentrated solution 
of zinc chloride. A white, crystalline precipitate was obtained, 
whidi was washed with alcohol and dried in a vacuum. On heat- 
ing with water, the substance decomposes into zinc hydroxide. It 
ia stable in the dry state, and soluble in dilute ammonia or dilute 
acids : 

O' 15 20 (after oxidation with bromine and subsequent precipita- 
tion as basic carbonate) gave O'OSll ZnO. Zn = 26’96. 

0-0584 gave 0-1114 BaSO^. S-:26-17. 

0-0342 „ 7 C.C. Ns at 27° and 760-5 mm. N 2 H 4 = 25-7. 

Zn(SCN)2,2N2H4 requires Zn-26-65; S-26-1; N2H4=26-1 per 
cent. 

Compound of Manganese Thiocyanate and Hydrazine. — A con-, 
centrated solution of manganese chloride was employed. ,The sub- 
stance was obtained as a white, crystalline precipitate, which was 
washed with absolute alcohol and dried in a vacuum. It readily 
decomposes on contact with cold water, with the formation of 
brown, manganic hydroxide. In the dry state, the substance is 
fairly stable. It is soluble in dilute acids, and decomposes in the 
presence of dilute ammonia into manganic hydroxide: 

0-1408 gave 0*0909 MnS 04 , Mn^ 23*52. 

0*1309 „ 0*2542 BaSOi. 8-26*66. 

0-0336 „ 7*25 c.c. Ng at 28° and 761*7 mm. N 2 H 4 = 2719. 

Mn(SCN)2,2N2H4 requires Mn-23-43; 8-27*2; N 2 H 4 = 27'2 per 
cent. 

Our best thanks are due to Prof. Sir P. C. Kay for his kind 
encouragement. 

Csemtcai, Labobatory, 

College of Science, 

Calcutta. 


[ Received , Janmry 3 rd , 1920,] 
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XLL — Some Condtn$ation& of wButyl Alcohol and 
n-Butaldehydc, 

By Chakles Weizmann and Stanley Frederick Garrard. 


fi-BuTYL alcohol aud i^butaldehyde are substances on whicli little 
work has been done beyond the preparation of the ordinary deriv- 
atives and the elucidation of their general properties. 

n-Butyl alcohol is now, however, obtainable in large quantities, 
being a by-product in the new process for obtaining acetone, 
namely, by the fermentation of natural products containing starch 
by members of the group of organisms included under the generic 
name Bacillus amylobacttr. The fermentation gives rise to acetone 
and W'butyl alcohol in the proportion of one part of acetone to two 
of w-butyl alcohol, together with a large volume of gas, consisting 
approximately of a mixture of equal volumes of hydrogen and 
carbon dioxide. 


The production by this method of large quantities of « -butyl 
alcohol invited experimental work in a number of directions, and 
of these, the condensations of 7^butyl alcohol and n^-butaldehyde 
are not the least important. 

n-Butaldehyde is readily obtainable from it-butyl alcohol by 
direct oxidation, but the yields are poor, being 1^ than 30 per 
cent., most of the alcohol being converted into n^butyl n-butyrate 
and tarry matter. 

The method adopted to prepare /i-butaldehyde in quantity was 
that of Bouveault, using a copper catalyst at 300^ an almost 
theoretical yield of aldehyde from alcohol being obtained. 

^i-Butaldehyde readily undergoes the “aldol” condensation 
giving a 60—70 per cent, yield of the aldol, 




wuich on distillation under the ordinary pressure loses water, giving 
o-ethyhAo-hexenealdehyde, CHPr-’.CEt-CHO, and this, on complete 
reduction with aluminium amalgam and water, gives a-ethylhexyl 
alcohol, CH 2 Pr“-CHEt-C%OH. 

On oxidation with silver oxide and barium hydroxide, a-ethyl- 
A'-hexenealdehyde gives an unsaturated acid, CHPr^lCEt-COoH 
on reduction with zinc and sulphuric acid gives a-ethylhexoir 
acid, CH 2 pr“»CHEt-CO.,H. ^ 

Guerbet, in his work on the action of sodium on alcohols Wamvt. 
1901, 133 , 1220; 1902, 134 , 467), obtained from Vbutyl 
alcohc an octyl alcohol, in every way similar to the above, to 
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which he gave the formula CHgPr-'CHMe'CHg’OH. This would 
obviously be formed by the loss of water from two molecules, thus : 
CHjPr^'iOH . iilCHMe'CHg’CHg’OH, that is, it is the jS-hydrogen 
atom that reacts. This seems improbable, owing to the superior 
activity of o-hydrogen atoms, and the reaction was investigated in 
order to discover the best conditions and also to establish the 
constitution of the octyl alcohol obtained. 

The production of ?i~butyric acid by the interaction of n-butyl 
alcohol and sodium led to the investigation of the action of sodium 
hydroxide on ^^butyl and ethyl alcohols. 

The action of sodium on mixed ?^butyl and ethyl alcohols was 
also tried, with results similar to those obtained with ?j-butyl 
alcohol, but with poor yields. 

Action of Sodium on n-Butyl .4 ?coAo/.— Experiments were carried 
out with varying amounts of sodium and at varying temperatures, 
the products consisted of octyl alcohol, w-butyric acid, and some 
octoio acid, with traces of esters, ethers, and dodecyl alcohol. 

In all cases, the amounts of octyl alcohol and n -butyric acid 
were proportional to the actual amount of sodium present, within 
small limits. The temperature at which the reaction was carried 
out had no effect, except on the time required to complete the 
reaction. 

The equation which represents the reaction is as follows: 

SC^Hg-OH + Na -t- 5H. 

Some of the f^-butyric acid was always replaced by a little octoic 
acid, and similarly some w-butyl alcohol was always found 
unchanged. 

The reaction evidently takes place in two stages, namely, 
(i) formation of octyl alcohol and sodium hydroxide, 

QHg’OH + C 4 Hg-ONa= CgHiy-OH + NaOH, 
and (ii) formation of acid from alcohol. 

The sodium hydroxide formed in (i) then acts on unchanged 
«-butyl alcohol, giving n-butyric acid and hydrogen, 

C^Hj-OH h NaOH = -H 4H. 

The octoic acid obtained, and consequently the octyl alcohol, has 
the a-ethyl, and not the jS-mefchyl, structure assigned to it by 
Guerbet. The constitution was established by a comparison of the 
amide with that of a-ethylhexoic acid prepared by Paper's method 
(T., 1907, ai, 1837). 

Action of Sodiuih}, Hydroxide ort w-Butyl a/nd Ethyl Alcohols . — 
This reaction is almost identical with the second part of the above 
reaction. In the case of « -butyl alcohol, about 80 per cent, of the 
sodium hydroxide is converted into sodium n-butyrate when excess 



326 WEIZMANK AND GABRAKD ; SOME CONDENSATIONS OE 


Of alcohol iB uBed, Bmall quantito of a-ethylhejcyl alcohol and 

a-ethylhexoic acid being also formed. , ‘ . , 

The action of sodium hydroxide on ethyl, alcobql gives only poor 
yields of acetic acid, quantities of a brown, resinous substance being 

obtained, which appears to be akin to aldehyde r®n, ^ 

The action of metallic calcium on n-butyl alcohol is 
that of sodium, smaller yields of a-ethylhexyl alcohol being 
obtained, but very little ii biilyric acid. This is borne out by the 
fact that calcium oxide and slaked lime when heated with n-butyl 
alcohol give only negligible quantities of n-butyrm acid 

.IcfiVm of Ho, Hum on a Uktnre. of n-Butyl and Ethyl Alcohoh. 
-A few experiments only were carrieil out, as the yields were poor, 
les,s than 20 per cent, of (i-hexyl alcohol and n-hexoic acid being 


obtained. ‘ 

The products were mainly a ethylhexyl alcohol and ?i-hoxoic acid, 
in addition to n-butyric acid. Very little n-h^xy\ alcohol was 
obtained. Other products were acetic acid and a-ethylhexoic acid. 

The hexoic acid and hexyl alcohol have a normal chain of six 
atoms, and must therefore be formed thus : 

CH,*CHo*CHrCHD‘ONa^ 

This points to the fact that when sodium is dissolved in a mixture 
of the alcohols, or when sodium ethoxide is dissolved in ?i-butyl 
alcohol, most of the sodium is present as n-butoxide and not as 
ethoxide. This bears out recent work on solutions of sodium 
hydroxide in ethyl alcohol, which are stated to contain most of 
the sodium as ethoxide. 

The yields obtained here, although poor, were better than those 
obtained by Guerbet {Compt. rend., 1902, 135, 172) from heptyl 
and ethyl alcohols, in which case the yields of nonyl alcohol were 
only 3—5 per cent. 

a-Ethylhexyl alcohol is readily dehydrated by heated aluminium 
oxide, giving theoretical yields of an octylene. This, when shaken 
with 90 per cent, sulphuric acid, gives a pleasantrsmelling hydro- 
carbon having the same empirical formula, which is probably a 
dioci'f/lene. 

Gondensaiiona of w-Butaldehyde, and n-Butyl Alcohol with 
Acetone .. — n-Butaldehyde readily condenses with acetone when 
treated with alkali hydroxides. With 10 per cent, potassium hydr- 
oxide it gives an aldol, OH*CHPr“-CH 2 *COMe, which on distilla- 
tion gives !t^y~}leptyle.ne-^^one [n.-hutylidtneaceiO’ne), 
CHPr\CH'COMe. 

By passing r?-butaldehyde and acetone over aluminium oxide, 
some «-butylideneacetoiie was obtained, but the main products 
were hydrocarbons of low boiling points. 
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yj-Butylideneaoetone undergoes changes when heated with sodium 
hydrogen sulphate or sulphuric acid, and when passed over heated 
copper, which suggests the formation of ring compounds, but no 
definite results have been obtained at present. 

7i-Butyl alcohol and acetone when passed over heated aluminium 
oxide lose water, giving a complex mixture of products from which 
methyl amyl ketone and a heptadiene, have been isolated; 

traces of 7i-butaldehyde and i.sopropyl alcohol are also present. 

Other products ■ are probably an unsaturated alcohol, isomeric 
with methyl amyl ketone, and the hydrocarbon derived from it, 
possibly allylene or allene, and other hydrocarbons and various 
oils of high boiling points which have not been identified. 

The reaction is probably mainly CHgPr^'lOH H^CHg'COMe, 

giving methyl amyl ketone, and CMe 2;0 "HICEt'CH^’OH, giving 
an unsaturated alcohol, both the ketone and alcohol undergoing 
further dehydration, yielding hydrocarbons. 

Experimental. 
lOrButyl Alcohol . 

Starch, and carbohydrates in general, when fermented by 
members of the group Bacillus amylohacter, give rise to acetone 
and /t'butyl alcohol. 

About 25 per cent, of the starch is lost as a mixture of hydrogen 
and carbon dioxide in equal proportions, and about 25 per cent, 
is found in the fermented "wash” as acetone (8 — 9 per cent, on 
the starch) and 7t-butyl alcohol (16 — 17 per cent, on the starch), 
together with a little wopropyl alcohol, probably formed by the 
reduction of some of the acetone by the hydrogen present. The 
bacillus is anaerobic, the fermentation being complete in from 
twenty- four to thirty hours, according to conditions. Traces of 
acid are formed, which suggests that hydroxybutyric acid is an 
intermediate product. 

The fermented "wash” is distilled, and the "oil” salted out 
from the distillate with potassium carbonate; on distillation, the 
oil is fractionated as below : 


Typical Distillation o/ 500 Grains of “ 


55 — 60' 1 26 grams 

60—65 ' 2 „ 

65—70 1 „ 

70—75 1 „ 

75—80 0 „ 

80—85 2 „ 


85 — 90'’ 4 grams. 

90— 95 68 

95—110 3-6 „ 

110—115 nil 

115 — 120 250 grams. 
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The 90-95» fraction oonsista mainly of a mixture of water and 
„.butyl aleohol, which separates into two layers on cooling the 
alcohol layer containing 19 per cent, of water and the aqueous layer 
18 per cent, of alcohol 

The mixture boiU at 91® and contains 35 per cent, of water. 

In order to purify the n-butyl alcohol thus obUmed, it was 
distilled over 1-2 per cent, of calcium, the fraction 116—117° 

being collected, . i , i. 3 ‘ -a. 

iioPropyl Alcohol. ~ln the identification of this alcohol m the 

oil a few points of interest occurred. 

After careful drying and distillation from solid sodium hydr- 
oxide, the alcohol was found to boil at 78—79®, and not at 83°, 

which is the value usually given. r • n 

The phenyl carbamate, after repeated recrystallisation from 
light petroleum, melted at T5-76® (Gumperb, J. pr- Chem., 1885, 
[ii|, 32, 279, gives 90°, and Spica and de Varda, Gazzetta, 1887, 
17, 165, gave 42—43®). The phenylcarbaraates of n-butyl and 
ethyl alcohols were found to melt at 61° and 51° respectively. 


u-Bntal^fhyde. 

(a) B)/ Direct 0:vidation of i\-Btiiyl .4 /coAoJ.— The oxidation 
mixture used for the conversion of fsobutyl alcohol into isobut- 
aldehyde (Fossek, Monatsh., 1881, 2, 614) proved to be unsuitable 
for this preparation, and the following method of preparation was 
adopted. 

Into 200 grams of n-buty] alcohol heated to 90—100°, a mixture 
of 200 grams of sodium dichromate, 180 grams of sulphuric acid, 
and 450 grams of water was slowly dropped at such a rate that 
there was continual ebullition. n-Butaldehyde, w-butyl alcohol, 
and '/i-butyl ^-butyrate distilled over, and, after being dried, were 
separated by distillation. In three experiments, 58, 55, and 56 
grams of u-butaldehyde were obtained, mosi of the alcohol being 
converted into n-butyl w-butyrate and tarry matter. 

If the alcohol is dropped into the oxidation mixture, only traces 
of aldehyde are obtained. 

Oxidation with ammonium persulphate, using cerium oxide as 
catalyst, gave only traces of n-butaldehyde. 

(5) Catalyiio Method , — The method employed was that of 
Bouveaulfc (Bull, Soc. cAm,, 1908, [iv], 3, 118), in which carefully 
reduced copper hydroxide, suspended on copper gauze heated to 
300°, is used as catalyst. 

If care is taken, the catalyst does not deteriorate, although traces 
of -butyric acid appear to be formed. The yield is theoretical, 
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and about 50 — 100 grams per hour can be obtained from a 
“catalyser” 45 cm,xl'9 cm. 

If the catalyst is heated to 400*^, further dehydrogenation takes 
place, and some crotonaldehyde is obtained in addition to 
w-butaldehyde. 


OrEthyl-^^-hexenealdehyde, 

This was prepared by a modification of RaupenstraucVs method 
{Mmat$h., 1887,’ 8, 108). 

n-Butaldehyde (20 grams) and ether (10 c.c.) were mixed with 
a quantity of 10 per cent, aqueous potassium hydroxide, the whole 
was shahen for two hours, and allowed to remain for fifteen hours. 
The product was then washed with dilute sulphuric acid and water, 
dried, and distilled. On. distillation, water was eliminated quanti- 
tatively from the aldol, giving the aldehyde boiling at 172—173°/ 
760 mm. 

The results, with varying amounts of 10 per cent, potassium hydr- 
oxide solution were as follows, 20 grams of r^-butaldehyde being 
used in each case : 


Ten per cent, 
potassium 
hydroxide. 

Product, b. p. 
150—180". 

Yield. 

c.c. 

Grama. 

Per cent. 

0-5 

A few drops only 


10 

4 

23 

2-0 

11 

63 

3*0 

11*5 

66 

4*0 

12*7 

71 

5-0 

10-5 

60 


Other experiments, using 1 c.c. of the potassium hydroxide 
solution to 5 grams of w-butaldehyde, gave the following results : 

Butaldehyde. Yield. 

Grams. Per ceik.. 

80 71-2 

40 67-5 # 

.100 68-0 

The semiearhazone melts at 132°. 

In addition to a 70 per cent, yield of the ‘'aldol,’' some of the 
«-butaIdehyde is recovered unchanged, and some is converted into 
a substance boiling above 180°, which is probably identical with 
the unsaturated aldehyd*, Cj2Hw02, described by Gorhan 
{Mmatsh., 1905, 26, 73). 

d'Ethylhtxyl Alcohol. 

To 37 grams of a-ethyl-A“-hexenealdehyde 16 grams of 
amalagamated aluminium and 200 c.c. of waiter were added, and 
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the mixture was allowed to remain for four days with occasional 
slv^kiog. It was then distilled in a current of steam until no more 
oil passed over, and the distillate boiled under reflux for two hours 
with 5 grams of sodium hydroxide to remove any unreduced 
aldehyde as resin. The mixture was then distilled in a current 
of steam, and the alcohol extracted from the distillate with ether, 
the solution dried, evaporated, and distilled, the fractions 175 — 195^ 
being collected; on redistillation, 10 grams of a-ethylhexyl alcohol 
boiling at 180 — 185° were obtained, 

OrEthylhtxoic Add. 

The acid corresponding with the above alcohol was obtained as 
follows. Thirty grams of the aldehyde were mixed with the silver 
oxide, obtained by adding the theoretical quantity of barium hydr- 
oxide to 90 grams of silver nitrate. This mixture was treated 
with 600 C.C. of 3^/ 2-barium hydroxide solution, a few c.c. at a 
time, the whole being kept cold and vigorously shaken. It was 
then allowed to remain for twelve hours. Excess of barium hydr- 
oxide was removed by means of carbon dioxide, and the clear solu- 
tion acidified with sulphuric acid. The free add was extracted 
with ether, the solution dried, evaporated, and distilled, the frac- 
tion 165—175° being collected. The crude, unsaturated acid was 
heated for twelve hours on the water-bath with a large excess of 
zinc and sulphuric acid. The reduced acid was extracted with 
ether, and ultimately 15 grams of an acid boiling at 225° (the 
fraction 220 — 226° was collected) were obtained. 

The amide melted at 101 5°, and this melting point was not 
changed when the substance was mixed with the amide of a-ethyl- 
hexoic acid synthesised from ethyl malonate (Raper T 1907 91 


Adxon of Alkali Mtiah and Alkali Hydroxide^ on n-Butyl Alcohol 

The similarity of the above a-ethylhexyl alcohol and that (b p 
181°) obtained by Guerbet from butyl alcohol led to the investi- 
flTOh^^ hydroxide on « -butyl 

Guerbet {he. at.) deduced his forngiula from the results of an 
analysis of the mixture of acids formed by the oxidation of the 
alcohol by means of a chromic acid mixture, and it was consider^ 
necessary to repeat his work. 

inairfr* f to dissolve the sodium 

lutd aS, butoxide i» 

yl alcohol m a silver beaker in an electrically heated autoclave 
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at various temperatures and for varying lengths of time. The 
hydrogen was allowed to escape from’ a valve, the pressure in the 
autoclave being kept at 40 — 50 atmospheres. 

After cooling, the product was treated with water, and the 
alcoholic layer separated and washed with water. The combined 
aqueous portions were saturated with common salt, and the alcohol 
separating was added to the main bulk, 

After distillation in a current of steam to remove all alcohol, the 
aqueous part was acidified with sulphuric acid, the liberated acids 
were collected, and the aqueous layer was distilled in a current of 
steam to recover all acid. 

The alcohol dried by means of common salt, the water being 
separated brine, and the acid with calcium chloride. 

Typical reStults are given an the following table, 500 grams of 
«-butyl alcohol being used in each experiment. 


Sodium. 
Per ceht. 

Conditiona. 

Hydrogen 

evolved. 

Litres. 

Octyl 

alcohol. 

Grams. 

n -Butyric 
acid. 
Grams. 

Octoic 

acid. 

Grams. 

5 

To 275° and cooled 

37<0 

107 

08 

7 

10 

To 225° „ 

45‘6 

124 

157 

6 

10 

200“ for 20 hours 

— 

216 

100 

20 

10 

250“ „ 10 „ 

— 

212 

214 

21 

10 

To 275“ and cooled 

88'2 

206 

201 

28 


When 15 per cent, of sodium was employed, practically the whole 
of the butyl alcohol was converted into ?a-butyric and octoic acids. 
In one case, 'nearly 300 grams of octoic acid were obtained. 

These experiments show that the effect of an amount of sodium 
up to 10 per cent, has no effect on the relative quantities of octyl 
alcohol and butyric acid calculated on the weight of sodium used. 
Above 10 per cent., the amount of acid is increased at the expense 
of the octyl alcohol, octoic acid being formed. 

The temperature at whidi the reaction is carried out is 
unimportant so long as the heating is sufficiently prolonged. 

Calrium also brings about the condensation of butyl alcohol to 
octyl alcohol, but very little acid is formed; thus, when 100 grams 
of n-butyl alcohol were heated with 20 grams of calcium for ten 
hours at 235°, 20 grams of octyl alcohol and 4'6 grams of /J-butyric 
acid were obtained. 

The octoic acid (Found : C.^66'71; H = 11'04. Calc.: C = 66‘60; 
H:^1T20 per cent.) and octyl alcohol (Foiuid: C- 73*79; 
H~13'49. Calc.: 0 = 73*76; H^13-94 per cent.) have boiling 
•points (225° and 181° respectively) almost identical with a-ethyl- 
hexoic acid and a-ethylhexyl alcohol, and since the acid is formed 
from the alcohol by simple oxidation, it must have a correspond- 
ing constitution. Its identity with o-ethylhexoic acid was proved 
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by the fact that mixtures of the amide with the amide of o-ethyU 
hexoic acid (prepared as above and by Kaper's method) melted at 
the same temperature as the latter, namely, 101'5°. 

Octylene^ — a-Ethylhexyl alcohol, when passed over aluminium 
oxide at 380—400°, loses water, giving an octylene. One hundred 
grams of the alcohol gave 71 grams of oil and 20 grains of water. 
The oil was fractionated as follows; 

Up to 1 10® 9 grams, 

110— 125 53 „ 

Above 125 8 „ 

The pure octylene boils at 121°. 

IJioctylene.— \^hen the octylene is shaken with 80 per cent, 
sulphuric acid, a pleasant-smelling oil is formed, which boils at 
245 — 250°. It is a hydrocarbon of the empirical formula CgHj^, 
probably a dioctylene. 

Fifty grams of the octylene, when shaken with 50 grams of 
sulphuric acid and 10 grams of water, gave, after washing with 
potassium carbonate; 

Up to 120° 4' 5 grama. 

120—220 5 

220—260 25 

Above 260 5-5 „ 


Action of Sodwm Hydroxide, on n-Butyl Alcohol. 

The reaction was carried out as in the preparation of a-ethyl- 
hexyl alcohol, sodium hydroxide being used in place of metallic 
sodium. 

Typical experiments are given in the following table: 


"-Butyric .Ethyteoic 

hydroxide. alcohol. acid. acid 

Crams. Grams. Grams. Gramk 

250 760 414 ' 

wo 760 700 25 

h J?** heated at 275° for about three 

houre the hea mg being stopped when no more hydrogen wae 
evolved. In all cases, the unchanged alcohol was recovered, the 
loss varying from_^l to o per cent, of the whole. The method of 

a elhXL^l T t ^ "T “ preparation ot 

and o ethvlh ^ . ” addition to the production of m-butyrit 

was 1 “f -%1W1 al Jhol 
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Action of Calcium Oxide and Hydroxide on -a-Butyl Alcohol. 

The amount of add produced from ?i-butyl alcohol by the action 
of calcium is much less than that formed by sodium, and this fact 
leads to the conclusion that calcium hydroxide is much less active 
in the production of acid than sodium hydroxide. 

Two experiments carried out with calcium oxide and hydroxide 
confirmed this.. • 

Calcium Oxide--Oz\o hundred grams of n-butyl alcohol and 
40 grams of quicklime, when heated for eleven hours at 250 — 260*^, 
gave, during the first hour, 800 c.c. of hydrogen, during the second 
hour 300 C.C., and after that none. 

The products consisted of 6 5 grams of rt-buty ric acid and 
14 grams of a-ethylhexyl alcohol, which on redistillation gave 
12 grams of alcohol boiling at 180—185®. The yield of w-butyric 
acid was only 25 per cent, on the 7?--butyl alcohol attacked by the 
quicklime. 

Calcium Hydroxide ten hours' heating at 250 — 260®, 
100 grams of n-butyl alcohol and 40 grams of slaked lime gave 
only 100 c.c. of hydrogen, 0-6 gram of n^butyric acid, and 1 gram 
of a-ethylhexyl alcohol. 


Acetic Acid from Ethyl Alcohol. 

Owing to the ease with which 7z-butyric acid can be obtained 
from n-butyl alcohol by heating with sodium Hydroxide, an attempt 
was made to apply the reaction to the production of acetic acid 
from ethyl alcohol. Two preliminary experiments only were 
carried out, but these showed that the process could not be a 
commercial success. 

Expt. 1. — Fifty grams of ethyl alcohol and 20 grams of sodium 
hydroxide were heated at 230 — 250° for three and a-half hours, 
the product being dissolved in water, acidified with sulphuric acid, 
and distilled to dryness under diminished pressure. 

The acetic add in the distillate, estimated volumetrically, was 
4 grams, or 13 per cent, on the sodium hydroxide. 

Expt. 2. — Sixty grams of ethyl alcohol and 20 grams of sodium 
hydroxide were heated for seventeen and arhalf hours at 250 — 260°. 
The product was worked up as above, and 8 grams of acetic acid 
were obtained, that is, 26 per cent, on the sodium hydroxide. 

Not only was the yield of acetic acid poor, but much of the 
alcohol was not recovered, owing to the formation of much resin. 
From this it seems probable that either acetaldehyde or a substance 
which readily gives this is formed as an intermediate product. 



334 WEIZMANN ANB GABHARB : SOME CONBENSATIONS OE 

n-Hexyl Alcohol and H-Herxoic Acid> 

The experiments on the production of hexyl alcohol and hexoic 
acid from a mixture of 7i-butyl and ethyl alcohols weye not very 
successful, the yields being very poor. 

The three following experiments may be quoted as typical of 
those carried out. 

Expt. 1. — A solution of 50 grams of sodium' in 250 grams of 
n-butyl alcohol and 200 grams of ethyl alcohol was heated in the 
autoclave to 275°, and then allowed to cool. The product was 
dissolved in water, the alcohols distilled in a current of steam, and 
salted out from the distillate by means of potassium carbonate. 
The acids were liberated from the aqueous portion by means of 
sulphuric acid, separated, dried, and distilled, acetic acid remain- 
ing in the aqueous portion. On redistillation, 45 grams of an add 
boiling at 198 — 202° were obtained. 

Expt. 2. — Seventy-five grams of sodium were dissolved in ethyl 
alcohol, and the excess of the latter was evaporated under 
diminished pressure. The sodium ethoxide was dissolved in 
500 grams of ?j~butyl alcohol, and the solution treated as before, 
75 grams of an acid boiling at 198 — 202° being obtained. 

Expi. 3. — A solution of 70 grams of sodium in 450 grams of 
72'butyl alcohol and 140 grams of ethyl alcohol was heated at 275° 
and treated as in Expt. 1. From this, 82 grams of an acid boil- 
ing at 198 — 202° were obtained, and from the alcohol boiling at 
above 125° in addition to a-ethylhexyl alcohol (b. p. 181°), an 
alcohol boiling at 166 — 168° was isolated. The corresponding acid, 
when purified, boiled at 199—200° and melted at 3°. 

The amide melted at 97—98°, and a mixture of this with the 
amide of n-hexoic acid melted at 98-99°. The acid is therefore ' 
w-hexoic acid and the alcohol is n-hexyl alcohol. 


^'^-fleptiihne~$~one {n-Bvtylidencn€.etone). 

w-Butaldehyde and acetone in molecular proportions are shaken 
with per cent, of solid sodium hydroxide; after a few minutes, 
the mixture emulsifies and becomes almost solid and very hot 
he yield IS not increased by cooling, but the amount of material 

lo at The temperature rises to 

50-60 , and when it begins to fall the reaction is complete. The 
mixture 15 pale yellow, and, on cooling, water separates and the 
mixture becomes cloudy. 

On distillation in addition to butylideneacatone and unchanged 
onas, a small quantity of hydrocarbons (b. p. beJow 120'’) is 
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obtained, presumably formed by the dehydration of butylidene- 
acetone. The same hydrocarbons are apparently obtained by the 
action of aluminium oxide on a mixture of butaldehyde and acetone 
(see below). 

The reeulte of experimenta with 65 grams of ?i-butaldehyde, 
50 grams of acetone, and 2 grams of sodium hydroxide are as 
follows : 


Conditions, 

Up to 140°. 
Unchanged. 
Grains. 

140—180°. 

Butylideno- 

acetone. 

Grams. 

Above 180®. 
Tar. 
Grams. 

Shaken for 12 hours at 37° ... 

22-0 

300 

27-0 

„ „ 12 „ 16°. .. 

22-0 

22-0 

24-6 

Shaken for 12 hours 

190 

180 

340 

Shaken in the cold 

31'5 

360 

18-0 

Shaken without cooling 

28-0 

34-5 

230 

The loss in all cases is 

due tu acetone dissolved in 

the washing 


with water, so that the method of working up without allowing to 
remain gives not only a higher yield of butylideneacetone, but also 
less material of high boiling point, which may be regarded as loss. 

No indication of mesityl oxide or phorone was obtained in the 
material of high boiling point. From the fraction 165 — 220°, 
o-ethyl-A“'hexenealdehyde was isolated in appreciable quantities, 
but the main constituent of this fraction was butylideneacetone. 

Siy-U ept9jlene-$'<yne. (n-hutyUdeneacetone) is a colourless liquid 
which rapidly turns yellow on exposure to the air. The pure . 
ketone boils at 157°, but on distillation always leaves some residue, 
which suggests that auto- condensation takes place, or that the 
compound absorbs w^ater from the air, giving the aldol,” which 
decomposes to some extent on distillation, and is also readily 
oxidised by the air. 

Ultimate analysis gives low results (compare Franke and Kohn, 
Mormtsh., 1899, 20 , 876, who found the same in the case of 
fsobutylideneacetone). After very careful drying, treating with 
calcium chloride for two weeks, and distilling in a vacuum, the 
bllowing result was obtained : 

0'1102 gave 0-2957 CO. and 0-1007 H^O. C-73*18; H-10-22. 
C 7 HJ 2 O requires C- 74*93; H = 10'79 per cent. 

The semico/rhazone, CgH^^ONg, is readily soluble in alcohol and 
nelts at 118°. 

On dehydration with 60 per cent, sulphuric acid (Kipping and 
Perkin, T., 1890, 67 , 13) or on heating with sodium hydrogen 
mlphate at 150°, butylideneacetone gives an oil with a terpene- 
like odour and much tar. 

Action of Reduced Copper.— By passing butylideneacetone over 
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Isul, which appears to be a cresol, probably formed m the 
following manner : 


Me 


:>c/^ 


,0H=CH 




>CH, 


Mev.p<xCH=OH- 




This compound then loses four atoms of hydrogen and the 
hyL.yl grip migrates, giving a cresol. Most of the bntyhden^ 
aLtona! however, fs converted into carbon and g-«>™ 
Experiments were carried out at various temperatures, but when- 
ever toluene was obtained, the greater part of the ketone gave 
carbon and gases. At 600“ a 5 per cent, yield of toluene was 
obtained. 


Actim of Ahmhiium OxU, on a Mixture of u-BntaUehyde and 
Acetone. 

By passing butylideneacetone over aluminium oxide at 300°, it 
loses water, giving unsaturated hydrocarbons, which are apparently 
the same as those obtained in the preparation of the ketone by 
means of solid sodium hydroxide. 

This led to the investigation of the action of aluminium oxide 
on a mixture of ^butaldehyde and acetone. 

When a mixture of molecular proportions of 7i-butaldehyde and 
acetone is passed over aluminium oxide at 300- 350°, water is lost 
and a certain amount of butylideneacetone is formed. This, 
however, seems to be an intermediate product, which on further 
dehydration gives two hydrocarbons, possibly of the 

formula CHs-CHo-CHd-CIIICICICH^ and 

ch3-ch2*ch2*ch:ch-C:Ch. 

One of these appears to boil at about 100°, and gives a pre- 
cipitate with ammoniacal cuprous chloride.' It is therefore an 
acetylenic hydrocarbon. The other boils at about 60 — ^70°. 

Only a few preliminary experiments have been made, but the 
optimum temperature appears to be about 325 — 350°. Above 400° 
charring takes place on the aluminium oxide, but at 350° the 
catalyst will apparently dehydrate an unlimited amount of 
butaldehyde and acetone. 

Butylideneacetone only has been definitely proved to be present 
in the product. 

The experiments which have been carried out with 50 grams of 
rt-butaldehyde and 40 grams of acetone can be summarised as 
follows; 
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1 . 

11. 

111. 

Grams. 

Grams. 

Grams. 

Oil 

62-0 

71 

74 

Water 

16'5 

13 

9 

ctionation of the oil gave: 

Up to 100° 

240 

38 

41-6 

100—125 

20 

3 

4-0 

125—145 

2-5 

3 

4-6 

145—170 ' 

18-0 

12 

12-0 

170—200 

3-0 

3 

3-0 

Above 200 

6-5 

8 

5-5 


In this series of experiments, the more rapidly the materials 
were passed over the catalyst, the less water was produced and the 
more butylideneacetone (145 — 170°). This points deSnitely to 
the latter being an intermediate product in the formation of the 
hydrocarbons of low boiling point, and this is borne out by the 
results obtained on passing butylideneacetone over aluminium 
oxide, when water is lost. Thus, 42 grams of butylideneacetone 
yielded 32 grams of oil which, on fractionation, gave: 

Up to 65° 1-0 gram. 

65 — 140 6-5 grams. 

140—170 18-0 „ 

Above 170 7-0 „ 


Actim of Aluminiiim Oxide on a Mixture of rx-Butyl alcohol and 
Acetone. 


A mixture of 460 grams of acetone and 590 grams of w-butyl 
alcohol was passed over aluminium oxide at 300 — 350°. 

The product consisted of 550 grains of oil and 238 grams of water, 
and much gas was evolved. Fractionation of the oil gave: 


Grams. 


Up to 55° 30 

55— 65 126 

65— 75 24 

76— 85 22 

85— 95 18 

95—105 21 

105—115 61 


115—125° 

Grams. 

73 

126—146 

6 

146—155 

48 

155—180 

6 

180—210 

35 

Above 210 

53 


From this the following products have been isolated : 

(i) A hydrocarbon.^ boiling at 76 — 78°, probably C 7 HJ 4 from (iv) 
by dehydration. 

(ii) A hejptadiene, boiling at 94 — 96°: 

0T273 gave 0-4088 CO .2 and 0*1538 H 2 O. C = 87-57; H = 13-51. 
CjHjg requires C = 87‘41; H=12‘59 per cent. 
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This is probably formed by the dehydration of methyl amyl 
ketone (iii). 

(hi) Methyl amyl ketone (b, p. 148 — 150®), which was isolated 
by means of its sodium hydrogen sulphite compound. The melting 
point of its semicarbazone (120®) was not altered by admixture 
with a specimen from another source. 

(iv) An nnsaturated ahoKol, boiling at 150®, probably isomeric 
with methyl amyl ketone. 

Substances boiling at 70- -- -80°/ 13 mm. and 100—1 10®/ 13 mm. 
together with traces of w-butaldehyde and ^opropyl alcohol were 
also isolated. 

The chief products were methyl amyl ketone and the heptadiene. 

Admikalty Laboratory, 

Lister Institute or Preventive Medicine. [Received, January 19t^, 1920.] 


XLII. An Invsstijjcitio'ti oj the Jtotki SpcciES oj 
Xanihorrhoea not previously examined. 

By Edward Henry Kennie, William Ternent Cooke, and 
Hedley Herbert Finlayson. 

^nthobehcea resin ias been the subject of many investigations 
bnt unfortunately the authors of these investigations do not always’ 
seem to have been certain as to the species from which the resin 
had been derived. For the most part, the resin examined appears 
to have been obtained from New South A¥ales, and is descried as 

"Was dtTl l und Harzbehalter ” 

Zb ■ u i Acatoide betriftt, so iat dieselbe 

— ."i; 

An!w.h‘’anTalTthe°™ZT'^ South 

from Kangaroo Island fSmth'*! 

'ar as the Kangarlolslfnd lit 
and yellow varieties, The yellow 

from specimens of foliave been obt ■’ !r 1^'’ “ gathered 

^^rording to Mr. Harris™ of F' Z >»'*■ 

the trees yield the yellow resin'"^Tr’ 

y iiow resm. The origin of the red is still 
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uncertain. A specimen of foliage was submitted to Prof. Osborn 
of tJiis University, who states that it would require investigation 
by a specialist on the spot to determine whether the leaves belong 
to a diflferent specie (from that which yields the yellow), or a 
variety, or whether age and environment may account for the 
differences in the leaves. 

Those chemists who have published results of their work on the 
‘‘red” and “yellow” resins agree substantially as to the products 
so far obtained, but some have found substances not noticed by 
others. As our work is concerned with material from species not, 
so far as we are aware, yet examined, it will suffice merely to 
mention the principal constituents recorded in resins from other 
species. Those are, briefly : 

(1) Acids, either free or partly in the form of esters. — Benzoic, 
cinnamic, ^-coumaric. 

(2) Aldehydes, — Vanillin, p-hydro3cybenzald6hyde. 

(3) Products of Oxidation hy Alkaline Perm/myanate, Chromic 
Acid, etc. — Acetic and oxalic acids, or insoluble chromium 
compounds. 

(4) Products of Fusion with Potassium Hydroxide. — Resorcinol, 
p-hydroxybenzoic acid, carbonic acid. 

(5) Products of Action of Nitric Acid. — Picric acid, p-nitro- 
phenol, acetic acid. 

(6) Products of Distillation with Zinx^ Dust in the Presence of 
Hydrogen. — Benzene, toluene, naphthalene. 

(7) Products of Destructive Distillation. — Phenol, styrene, and 
tarry matters. 

(8) A residue obtained by acidification of an alkaline solution 
consisting of a complex substance, which has been named a 
“resinotannol.” 


A. Examination of the Red"' Resin. 

The resin used in the following experiments was carefully picked 
out and freed, as far as possible, from fragments of leaves, the 
quantity of which was quite insignificant. 


A ction of Nitric d cid. 

Picric acid was obtained in quantity, and small quantities of 
another nitro-com pound, which was not identified. Oxalic acid 
was also obtained. 
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Fusion with Sodium Hydroxide and Examination of the Product 
for Volatile Acids. 

About 500 grams of the resin in 50-gram lots were fused gently 
for several hours with an equal weight of sodium hydroxide, a 
little water having been added. The fusion was acidified with 
sulphuric acid, distilled, and the distillate neutralised with sodium 
carbonate and evaporated to dryness. The greater part of th{ 
residue was added to a cold mixture of alcohol 'and concentrated 
sulphuric acid, frequently shaken, and allowed to remain over- 
night. The liquid was then gently distilled, and the distillate 
shaken several times with a satnrated aqueous soluti(|p of potassium 
carbonate, the layer of ester run off, dried with potassium carbonate 
and fractionated. The greater part of the distillate (apart from 
ether, due to the interaction of the alcohol and sulphuric add) 
was found to be ethyl acetate, but there was also present a small 
fradion which had an odour like that of ethyl butyrate, and on 
hydrolysis and acidification, gave the unmistakable odour of butyric 
add. The total yield of esters was about 8 per cent, of the resin 
taken. 


vxtaauon with Alkaline Permanganate. 

Twenty grams of the resin were boiled with, alkaline perman 
pnate (10 grams of KMnO, in 200 c.o. of solution) for half an 
hour the solution then being acidified with sulphuric acid and 
distilM m a current of steam. Only traces of acid (acetic?) were 
present wi h a minute quantity of a fragrant oil. The residue 
fmm the steam distillation was collected, washed, rediasolvad I 
sodium hydroxide solution, a further 10 grams of potassium ner 

“it wl uS^ Zk"- 

nothing but carbonic acid could be recognised in the finarprtct“^ 

/or e«Aer d>re«»t in f.e free .fufe or fUe 

F orm. of Esters. 

-- dissolved by the 

the solution distilled in aLn- / T ^ water, and 

The residue was just acidified” with^Zl.^'*'' 
filtered, and concentrated until a ™ 
crystallised out, the crystals fwhich 

organic substance) were warmed w '^**^*^ ^ crystalline 

‘illod off, and the tarry residue, as 1 1 the 

as the acid solution, ex- 
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hausted with ether. The residue^ after distillation of the ether, 
partly solidified on keeping, but contained some tarry matter, which, 
after considerable difficulty, was removed by exhaustion with boil- 
ing water and repeated treatment with animal charcoal. Ultim- 
ately, a nearly colourless, crystalline mass was obtained, and this 
was separated by means of chloroform into two substances, which, 
on examination, proved to be jp-coumaric acid and ^-hydroxybenz- 
aldehyde. It seems scarcely necessary to go into details of the 
identification of these substances, repeatedly recognised as they 
have been by others as present in other varieties of Xanthorrhoea 
resin ; suffice it to say that the former was fully identified by com- 
bustion, melting point, and other characteristics, the latter by 
methylation, Son version into anisaldehyde, and oxidation of the 
latter to anisic acid. The total yield of the two products (purified) 
was about 4‘5 per cent., but it must be noted (a fact of which we 
were not at the time aware) that p-coumaric acid is slowly decom- 
posed on boiling with dilute sulphuric acid. Hence the amount of 
this acid obtained in the way described above is no doubt consider- 
ably below that actually present. It was not thought necessary 
to make a careful search for other acids or aldehydes such as 
benzoic and cinnamic acids and vanillin, which have been found by 
other observers, but it is worth mentioning that, on acidification of 
the alkaline solution of the resin after steam distillation, for the 
purpose of extraction of the above-mentioned substances, a vanillin- 
like odour was often noticed. 


Products obtained by Steam Distillation of a Strongly Alkaline 
Solution, 

In the experiment above described, it waa noticed that an appreci- 
able quantity of a fragrant oil was obtained in the distillate. On 
shaking the distillate (6 litres) with ether and evaporating off the 
latter, about 1-5 grams of a fragrant oil remained, which, on keep- 
ing, solidified to a pale brown, crystalline solid. In order to 
examine this more thoroughly, several lots, of 1 kilogram each of 
the resin, were dissolved in alkali (about 200 grams of sodium 
hydroxide and 2 litres of water to each kilogram), and steam dis- 
tillation was continued in each case until about 12 litres of dis- 
tillate were collected and practically no more oil passed over. The 
distillates were then exhausted with benzene and the latter' 
distilled off. From each such distillation, from 3*55 to S'65 grams 
of residual oil were obtained, which, on keeping, always solidified. 
The total amount of material was then dissolved in alcohol, the 
solution filtered from a minute amount of insoluble matter, and 
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tie material constant. 

and had a sweet odour. ^ „il,^Ueh waa not 

to be due to a mmute „d adhertd per- 

’’T^l '“ m crylat wbel afterwards thoroughly purified, were 

;:u^nfteha™^ ^ 

1^1 Ible in elher, heutoue, aretio arid, and most other orgamc 
Lvlte very sparingly so in cold water, mote freely m hot, readily 
rollble in JuLs ^f alhali hydroxide hut -’^e m solutions 
of the alkaline carbonate or ammoma (Fomd; ^ 

11 = 5-99, 6-78. M.W, by cryoscopic method 1®'- 

C,H ,„03 requires C-65-06 ; H = 6-02 per cent. “-^-166 ; 

On treatment with bromine in carbon tetrachloride solution it 
yielded a crystalline bromo-derivative, and on acetylation an acetyl 
derivative melting at 44-45°. The hydrasone was also obtened 
These facte agree with the data for paeonol, a product obUined 
from PaemM Moutan in Japan, and nsed medicinally in that 
country Its constitution has been proved to be that of 2-hydroxy- 
4 -methoxyacetophenone, CH 5 -CO-C,H 3 (OH)-OMe (Nagai, Ber., 
1891, 24, 2847; Tahara, ihi/I., 2459). 

The mother liquor, after separation of the paeonol, contained 
apparently nothing but a small quantity of the fragrant oil already 
referred to, the quantity of which was too small for examination. 


Nitrojmonol 

Tor reasons which will appear in the sequel, it became de^rable 
to prepare a nitropaeonol. Ten grams of paeonol in 30 c.c, of 
glacial acetic acid were mixed with 5 c.c. of nitric acid (D 1*41). 
After a few minutes, a characteristic, blue colour appeared, chaug- 
in? in the course of some hours to blood-red. For twelve hours 
after no further change took place, but on adding a further 10 c.c. 
of nitric acid, the mixture became warm, and, after a few minutes, 
deposited a crop of crystals, nitrous fumes being evolved in quantity 
and the red colour persisting. After remaining for some days, the 
liquid was diluted with its own volume of water, the crystalline 
deposit collected, washed, and repeatedly crystallised from hot 
alcohol until almost colourless, It consisted of long, straw-coloured 
needles melting at 153® (Adams, /, Amcr. Ghem. Soc,, 1919, 41, 
247, gives 155®) (Found: N = 6’56. requires N=:6‘B3 

per cent,). On reduction with tin and hydrochloric acid, removal 
of the tin by means of hydrogen sulphide, and concentration of the 
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filtered solution, the hydrochloride • of the amino-compound 
separated out as a mass of needles, which were permanent in air 
but were not further examined. 


B. Examination of Yellow Medn of X. Tateana. Isolation of a 
New Substance, 0911 ^ 004 . 

The yellow resin differs in other respects than in its colour from 
the red variety. 'It shows a marked tendency to accumulate in 
lumps and tears varying in colour from pale amber to a muddy 
brown, but it is always pure yellow when powdered. It is notice- 
ably less brittle than the red, becomes soft if placed in the mouth, 
and when boiled with water becomes a mobile liquid. It dissolves 
in alkali hydroxides, yielding in moderate concentrations an orange 
solution, from which acids precipitate the resin as a dull, mustard - 
coloured powder. Steam distillation was resorted to under con- 
ditions exactly similar to those already described in the case of the 
red material, with the exception that the distillation was much 
more prolonged, being continued in some cases until 150 to 160 
litres of distillate had been collected, the reason being that appreci- 
able quantities of oily matter continued to pass over for long periods 
of time. The oil obtained in this way gradually solidified on keep- 
ing. That in the earlier part of the distillation was very like 
paeonol, but later on quantities of solid matter quite different from 
paeonol made their appearance. The whole of these substances 
was extracted from the distillate by shaking with benzene, The 
total product after the evaporation of the benzene averaged, in 
several distillations, about 5 per cent, of the weight of material, a 
very much larger quantity than in the case of the red resin. 
Obviously there were two substances here present, which could be 
partly separated hy collecting separately the earlier and later por- 
tions of the distillate. The earlier portions consisted practically 
entirely of paeonol, with a small quantity of the same fragrant oil 
noted in the case of the red resin. The later portions were re- 
crystallised from dilute alcohol until a constant melting point, 79°, 
was reached. In subsequent experiments, the whole of both sub- 
stances was extracted with benzene, and, after removal of the 
latter, the two were separated by fractional distillation under 
20 mm. pressure. At this pressure, the paeonol boiled at 158® 
and the other substance at 185°, Of the tptal, about 60 per cent, 
was paeonol, and the remainder, except for a trace of some material 
of higher boiling point, the second substance. The 'feubstance 
obtained in this way was quite colourless, practically insoluble in 
cold or hot water, and readily soluble in alkali hydroxides or in 
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to a blood rect, . , rk fhp red solution and render- 

dark gre^n colour is 

developed, which, however, is somewhat fugitive. 

Found: C = 69'47, 59-78; H = 6-70; 5-23 

C.HjoO, requires 0=59-34; H-5-49 per cent. 

A molecular-weight determination by the cry<»copio method in 
benzene gave 178, the theory for CgH^uO^ being . 

OxidJion.-Tho above figures, coupled with the genera 
behaviour of the substance, in particular the close resemblance of 
its colour reactions to those of paeonol, suggested the probability 
that we were here dealing with an hydroxypaeonol. To demde this 
point the following experiments were undertaken. A small 
quantity, 0-532 gram, was boiled in a small flask attached to a 
reflux condenser with a mixture of potassium chromate and 15 per 
cent, sulphuric acid, the former being added cautiously until the 
solution was permanently yellow. The mixture was then distill^ 
almost to dryness, water added, and the boiling resumed until acid 
ceased to pass over. The distillate was redistilled, excess of barium 
carbonate added, the solution evaporated to dryness, the residue 
redissolved, and the solution filtered and finally evaporated dry- 
nees in a tared platinum dish. The barium salt so obtained, after 
drying at 100°, weighed 0-2979 gram, and its reactions were those 
of barium acetate (0-23 gave 0-206 BaSO^, whilst barium acetate 
requires BaSO 4 = 0-21). An hydroxypaeonol on oxidation should 
yield acetic acid. 

Oxime. —To a solution of 4 grams of sodium hydroxide in 8 c.c. 
of water was added slowly, with cooling, a solution of 6 grams of 
the original substance and 2-5 grams of hydroxyl amine hydro 
chloride in a mixture of 80 c.c. of alcohol and 20 c.c. of ether. 
After remaining for twelve hours, the red solution was heated under 
reflux for two to three hours, the excess of alcohol and ether dis- 


tilled off, and the residue poured into water and acidified. The 
crude oxime was repeatedly crystallised from dilute alcohol until 
a constant melting point was obtained. The purified compound 
crystallised from alcohol in transparent plates, and from the dilute 
solvent as a grey sand. The air-dried substance, when slowly 
heated, sintered together at 100° and melted and decomposed at 
107°, but this was found to contain water, the loss at 100° amount- 
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iog to 8 "44 per cent, (theory for 1 H 20 = 8'37 per cent.). Appar- 
ently hydrolysis takes place on drying, with loss of hydroxyUmine, 
estimations of nitrogen always giving low results. There could be 
no doubt, however, as to the oximic character of the compound, 
for the Original substance could readily be obtained by hydrolysis, 
hydroxylamine being easily recognised in the solution. 

M ethylation to a Dimethyl Ether . — Six grams of methyl sulphate 
were added to a warm paste of 5 grams of the compound 
4 grams of sodium hydroxide, and 10 c.c. of water. The mixture 
became very hot, and was allowed to remain for twelve hours. The 
mass was then dissolved in the least possible quantity of alcohol, 
and the solution poured into an excess of sodium hydroxide solu- 
tion, The precipitated ether wa.s collected, washed, and recrystal- 
lised three times from dilute alcohol, when the melting point 
became constant at 102 — 103° (Tutin and Gabon, T., 1910, 97 , 
2067, give 99 — 100° as the melting point of 2:4 : 6 -trimethoxyaoeto- 
phenone). The ether so obtained was insoluble in alkali, and gave 
no coloration with ferric chloride. A blue colour with nitric acid 
developed very slowly (Found; 62-44, 62-35; H = 6-69, 6-60, 
M.W.=205. C 11 H 34 O 4 requires 0-62-85; H = 6-65 per cent. 

— 210). These figures prove the existence of two hydroxyl 
j^roups in the compound On fusion with potassium hydr- 

oxide, a little water at temperatures ranging from 120 ° to 230° 
acidification of the product, and repeated extraction with ether, a 
crystalline substance was obtained which, after purification, was 
completely identified by its sweet taste, bluish-violet colour with 
ferric chloride, colour reaction with pine wood moistened with 
hydrochloric acid, and analysis as phloroglucinol. 

The above experiments conclusively prove that the substance, 
is a monomethyl ether of 2 ;4 : 6 -trihydroxyacetophenone. 
The position of the raethoxy-group remains .to be determined. The 
close association of this compound with paeonol, and the similarity 
of its reactions to those of paeonol, render it probable that the 
methoxy-group is in the para-position, but so far we have been 
unsuccessful in definitely proving this point. It was thought 
possible that nitration of paeonol, reduction of the nitro- to the 
amino-compound, diazotisation, and decomposition by water might 
yield an hydroxypaeonol which would be either identical with or 
different from the compound under consideration. The nitration 
and reduction of the nitro- com pound have already been described. 
•On diazotisation of the latter, however, and boiling with water, 
coupling or some other change apparently takes place, and a deep 
l)rowu substance is obtained, which has not been further examined. 
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Hxamination far AMs, Fret or C<mhintd. 

The alkaline solution, after steam distillation, was widified and 
exiled exactly as described in the case of the red and 

again ^-eoumaric acid and ;,.hydroxybenzaldehyde were identified 
in considerable quantity. 


C. Examination of X. Preissii. 

We are indebted to Mr. Lane-Poole, Conservator of Forests in 
W Australia, lor a supply of this resin, which we have examined 
by' the same method of steam distillation, as already described. 
Since the work was completed, a letter was received from the 
Government Chemical Laboratory, W.A., enclosing a report from 
Mr. D. A. Herebert, the economic botanist and pathologist, in 
which it is stated that a new species of Xanthorrhoea has been 
discovered which is very like PreissU, the resin of which, however, 
is black, that of Fremii being red. The samples of resin for- 
warded to us by Mr. Lane-Poole were all red, however, and there 
was no evidence of the presence of any of the black variety. A 
small quantity of the black variety may have been present and 
escaped notice, but not sufficient, we think, appreciably to vitiate 
the results of our work. 


Proditch of Steam Distillation. 

On distillation with steam in the way already described, a yellow 
oil was obtained much more fragrant than that produced from the 
other species above referred to, the total yield being a little naore 
than 1 per cent. The llrst portions of oil passed over very rapidly, 
but even after long and tedious distillation (160 litres of distillate 
from 3 kilograms) the distillate was still turbid. This is in sharp 
cuiitrasl with the result obtained with AL Tatean-a, the distillate 
in the latter case being quite clear when the distillation was 
stopped. As in previous cases, the distillate was exhausted by 
shaking with benzene, and the latter distilled off. The residue 
was then carefully fractionated under 20 mm. pressure, and ultim- 
ately five fractions were collected, namely, 110 — 155°, 155 — 165°, 
165 — 185°, 185 — 200°, and 200 — 210°, leaving a small quantity of 
a somewhat viscous, uncrystallisable material in the flask. Frac- 
tion 2 (155 — 165°) proved to be almcrat entirely paeonol. Fraction 
3 was chiefly paeonol with a small quantity of an oil which did 
not crystallise. Fraction 4 remained liquid for some weeks, but 
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finally deposited crystals whicli, on washing with small quantities 
of alcohol and recrystallisation, melted at 79°, and proved to be 
the hydroxypaeonol already described. 


Isolation of a Compound, Cj^ 3 Hj 209 , 

fraction 5 was solid, and was recrystallised from alcohol until 
He melting point was constant at G9'fi°. 

Found: C = 78-24; H = 6'44. 

CijHjoO, requires 0^^78 00; H-6'00 per cent. 

The figures agree better with the formula Cj3Hpo02 than with 

>13^14^2* 

A molecular- weight determination by the cryoscopic method in 
>enzene gave 194 (Cj3H]202 requires 200). The substance is prac- 
ically insoluble in cold or hot water and in alkali hydroxides, but 
lissolved easily in the ordinary organic solvents. Its alcoholic 
olution gives no coloration with ferric chloride. It is not acted 
>n by acetio anhydride. All attempts to form from it an oxime 
>r hydrazone failed. On the other hand, it was found to contain 
me methoxy-group, an estimation by the ordinary method giving 
)Me— 15-1, whilst requires OMe— 15-5 per cent. 

^Vith cold concentrated nitric acid, a black, tarry material was at 
mce formed, with evolution of nitrous fumes, but on slow evapor- 
ition an orange substance remained, from which nothing definite 
las so far been obtained. Potassium dichromate and dilute 
lulphuric acid attack it very slowly, and again no definite product 
jould be obtained. It dissolved gradually in cold concentrated 
lulphuric acid, forming a pale yellow solution, from which, on 
lilution, it was deposited apparently unchanged. With hot con- 
;entrated sulphuric acid, dirty green solutions were obtained, which 
it the fuming point assumed a rich purple tint, but no charring 
X)ok place, and the solution, on pouring into water, yielded a 
locculent, red precipitate. These facts appear to indicate that 
he compound is a methoxydiphenyl ether, and its general 
haracters are in harmony with that supposition. Derivatives of 
liphenyl ether, with few exceptions, appear to have been little 
5tudied, and all seem to be characterised by considerable stability. 

An attempt was made to synthesise /rmethoxy diphenyl ether by 
the preparation of jt?-nitrodiphenyl ether, its reduction to the 
Jmino- compound, the diazotisation of the latter, the decomposition 
5f the diazo-compound with water, and methylation of the product. 
The first stage was carried out successively by Haeussennann and 
Teichmann’s method [Ber., 1896, 29 , 1446). A mixture of 
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potA»ium phenoxide, ex<«s of phenol, 

L heated for two to three houre in an oil-bath to 150-190 m 
Haek with reflux condenser, a stream of hydrogen being pas^ 
through the apparatus, On «»ling the mass, water was add^, 
and iL alkaline solution extracted with ether. The residue, after 
evaporation of the latter, was distilM under 20 mm^press^e, and 
prakioally pure ;.nitr<xliphenyl ether obtained. The reduofaon 
of the nitro-oompound was effects! without d.^oulty, and the 
aminiHiompound obtained in white crystals. On diazotisation and 
boiling with water, a tarry mass was produced, which was extracted 
with ether, and the residue, on evaporation of the latter, methylaW 
by methyl sulphate in alkaline solution. The material which 
separated was small in quantity, and on distillation yielded only a 
small quantity of liquid boiling at 170“/ 20 mm., which was not 
the desired compound. We hope to make further expenraents in 
the future. 

Isolation of Citrmellol, 


Fraction 1 (110—155®) of the oil from J. Preimi was carefully 
fractionated, with the result that a large proportion of it was 
obtained as a fragrant oil boiling at 118— 120®/20 mm. with 
smaller quantities of fragrant substances of lower boiling point. 
It was colourless, somewhat viscid, and had a distinct rose-like 
odour, quite different from that of geraniol, which it was at first 
suspected to be. To ascertain whether any esters were present, 
the ester value was determined by boiling with alcoholic potassium 
hydroxide and titrating with sulphuric acid, but was found to he 
only 14. On acetylation, however, the ester value rose to 280, 
which corresponds with 96—98 per cent, of acetates derived from 
the possible alcohols CjqH^pP, CjdH^gO, or CioHqfjO. In order further 
to purify the oil, it was heated under reflux with fairly concen- 
trated alcoholic potassium hydroxide, a treatment which had no 
effect on the odour or boiling point (Found; C = 76-56; H = 13’14, 
CjoH2f)0 requires C — 76‘92; H — 12-82 per cent.). 

This alcohol proved to be optically active, a solution of 2*369 
grams in 20 grams of benzene giving a rotation of —1*1° at 13° 
in a 2-dcm. tube. Hence [ajp -5*27°, which is not far from the 
value -4' 20° ascribed to ?-citronellol. The identity with 
citronellal was finally determined by conversion into the hydrogen 
phthalic ester. To the above solution in benzene were added 2*5 
grams of finely powdered phthalic anhydride, and the mixture was 
boiled under reflux for five hours. The benzene having been dis- 
tilled off, a viscid oil remained which, on keeping overnight, partly 
solidified. On washing with light petroleum, the oil was separate^i 
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from the (arystals, which proved to be unchanged phthalic 
anhydride. From the petroleum washings the ester was recovered 
by distillation of the solvent as a colourless, permanent oil without 
odour. It was completely soluble in potassium hydroxide. On 
adding an. almost neutral solution of the hydrogen phthalic ester 
itt sodium carbonate to a fairly concentrated solution of silver 
nitrate, a white, curdy, silver salt was precipitated, which was 
obtained in small, rosettes of very fine needles by crystallisation 
from boiling methyl alcohol. After drying in a vacuum, th^e 
melted at 125*^, and on ignition gave Ag = 25-89 (Calc. : Ag=26*23 
per cent.). These facts leave no doubt as to the identity of the 
oil with citronellol. 

It is noteworthy that the higher fractions obtained by the dis- 
tillation of the crude oil had an odour of mint. This suggests the 
presence of *>opulegol, which would probably be formed during the 
repeated fractionation of the crude oil if it contained some 
citronellal, which is quite probable (compare SchimmeTs Btports, 
April, 1909, p. 94). 


Examination for Acids. 

An examination of X. Preissii for acids led to the identification 
of p-coumaric acid, but p-hydroxybenzaldehyde was not detected, 
although it may have been present in small quantity. 

Residues after Steam Distillation and Acidification. 

The solids obtained by acidifying the alkaline solutions after 
steam distillation have been carefully washed and preserved. We 
hope soon to investigate them more thoroughly. 


Summary. 

(1) The Xanthorrhoea resins from Kangaroo Island and 
W. Australia, in common with other species examined by various 
chemists, contain p^coumaric acid, either in the free state or in the 
form of an ester, and p-hydroxybenzaldehyde. 

(2) By steam distillation from a strongly alkaline solution, the 
following substances not hitherto found in Xanthorrhoea resin have 
been obtained : 

. k. Red Resin from Kamgaroo Island (Sp. ?). — (i») A small 
quantity of fragrant liquid of vanillin-like odour; {h) paeonol 
(2-hydroxy-4-methoxyacetophenone) ; (c) traces of material of 
higher boiling point. 
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B Idhw Hmu from X. Tateana (Kangaroo hh.nd)^(a) k 
small quantity of fr4rant liquid of vamllin-hke odour ; (J) paeoua 
n mu htrglr quantity than in the r«i r«.in; (o) hydroxypaeono 
in quantity abolt tw<rthirds of that of the paeonol; (rf) a mnall 
quantity of material of higher boiling point. 

’ C. Red Resm from X. Preissii (IK ^ ^ ™ '' 

quantity of fragrant liquid not identified; t) f-citonellol; 
(c) paeonol; » hydroxypaeonol; (r) a compound, poesibly meth- 
oxydiphenyl 4her; (/) a small quantity of s6 far uncrystallised 
material of very high boiling point. 


This investigation has been carried out by us as a special com- 
mittee appointed for the purpose by the Australian Commonwealth 

Institute of Science and Industry. 

We have to thank Mr. W. W. Hurst, originally a member of 
the Committee, for help rendered in the earlier part of the work, 
and Mr. F. L. Winzor for great assistance in the latter portion. 


The Universitv, 

Adelaide. [Beceived, Fehruary 20 th , 1920.} 


XhUl.— Coagulation of Metal Sulphide Hydrosoh. 
Fart IL Influence of Temperature on the Rate of 
Coagulation of Arsenious Sulphide Hydrosols* 

By Jnanendra Nath Mukherjee. 

Certain observations of Linder and Picton (T., 1905, 87 , 1906) 
show that temperature has a very marked and anomalous effect 
on the coagulating power of an electrolyte. It is similar to the 
irregular effect of dissolved hydrogen sulphide observed by the 
author and Sen (T., 1919, 115 , 462). The effect of temperature 
oil the velocity of coagulation is undoubtedly of importance for 
the elucidation of the mechanism of coagulation, but, unfortu- 
nately, little has been done on the subject. In their work, Linder 
and Picton did not attempt any study of the effect of temperature 
on the rate of coagulation. Moreover, as they employed an un- 
sound method of measuring the coagulating power, their results are 
inaccurate, as would appear from the following quotation: ^‘The 
required concentration of the salt is generally diminished by rise 
of temperature, Thus, at 15° and 70°, the volume of A;25-calciuin 
chloride was 3-85 and 2'30 c.c. respectively, the latter representing 
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a decrease of 40 per cent. Similar results were obtained with 
calcium nitrate, hydrochloric acid, strontium nitrate, and 
aluminium sulphate. On the other hand, the reverse effect was 
noticed with ammonium chloride, sulphuric acid, and ammonium 
sulphate. Thus, at 13^ and 6P, the volume of iy/2‘ammonium 
chloride was 3-47 and 4*44 c.c. respectively, the latter representing 
an increase of 28 per cent." In his experiments, Paine {Proc. 
Camb. Phil. Soc.^ 1912, 16, 430) remarks: “There is no very 
marked change (but slight increase) in the rate of coagulation on 
raising the temperature to 100°." He warmed his sols to hasten 
the separation of what he called “ the coagulated portion." 

Experimental. 

The procedure described in the former paper (loc. cit.) was 
employed. Colloidal solutions like those studied are always ‘‘age- 
ing," and the observations should always be simultaneous. The 
data only show the comparative effects of the particular condition 
hat is changed. The method used herein is sufficiently accurate 
or the purpose in view, and unless the process of “ ageing ” has 
leen fully accounted for, there is not much need to make it more 
ecurate. However, the method can easily be made instrumental 
md as accurate as desirable, and the author is at present engaged 
n this with a view to elucidate the stability relations of these sols. 

In the case of dilute sols, the mixture of electrolyte and sol was 
sontinuously kept stirred by jerking the tube with the hand. This 
pves a sharp change for the first appearance of visible particles 
hroughout the liquid. For sols rich in sulphide, this was not 
lone, for reasons given before (/. Amtr. Chem. Soc., 1915, 37, 
1024), and the times for perceptible change and for certain definite 
iegree of opacity were noted. 

Five c.c. of electrolyte and 5 c.c. of sol were immersed in a 
beaker containing water, which was suspended inside a thermostat. 
About one-fourth of the length of the tubes remained above the 
surface of the water. In order to minimise the errors in measur- 
ing the volumes, the same two pipettes were always used, one for 
the sol and the other for the electrolyte, thug keeping the relative 
volumes constant. This is a necessary precaution to obtain trust- 
worthy agreement between different readings. After the liquids 
in the tubes had attained the temperature of the bath (about an 
hour), they were withdrawn, and the electrolyte was added to the 
The testrtube containing the liquid was then again immersed 
the water of the beaker. The whole process does not take more 
than half a minute. The tubes were taken up from time to time 
observed. 
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Different preparations of the sol were always tried, and at least 
two readings taken, At least four different concentrations of the 
same electrolyte were used. The reaulta are concordant. The 
electrolytes studied were hydrochloric acid, potassium chloride, 
sodium chloride, lithium chloride, potassium sulphate, potassium 
nitrate, sulphuric acid, barium chloride, calcium chloride, calcium 
bromide, strontium chloride, magn^ixim chloride, magnesium 
sulphate, aluminium sulphate, and thorium nitrate. The salts 
were purified samples of the best materials available. 


It is possible that, on heating, the sol undergoes an irreversible 
change, In order to test this, samples of sol and electrolyte were 
heated in the bath along with the others, for the same interval of 
time, and were then cooled and the times for the respective 
changes noted. There was no perceptible difference between these 
samples and others which were not so heated, showing that there 
is no irreversible change under these conditions within the limits 
of experimental error. It is necessary to treat the electrolyte 
similarly to see whether there has been any appreciable change ii 
its concentration due to loss by evaporation. In general thi 
observations were finished within five hours, and in some 'cases 
within two hours, after immersing the tubes in the bath. It is 
interesting to note in this connexion that Kruyt and Spek (Koiloid 
Zeitsch., 1919, 25, 1) find that on long- continued boiling of 
arsenious sulphide sols at 100-105° the size of the particles 
decreases markedly. In the present instance, the temperature 
effect must be explained in terms of a reversible change in the 
quality of the sol in case it undergoes any such change 
The r^ults show an irregular effect analogous to that noticed by 

Thft hydrogen sulphide {loc. cH) 

The ele^rolytes can be broadly classified in groups determined k 
their va ency. Within each group the results are Lrfectly reeukr 

degree by any given variation in the %»» 
Picton Contrary to the obseiwation of Linder ana 

resDAcr 1 , j stability at higher temperatures. In this 
of Le univaJeSir 

tion in staSy'^lith r^*™ 

aluminium and thorium ^alt" Tie experiments with 

the data with uni-^and bi-vil following table, a few o( 

pariaon. The times given denX *‘'^1 

the interval, after mixing the 
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gol and tte electrolyte, necessary to produce a definite change in 
the sol. The concentrations refer to “end” concentrations. As 
stated before, the change in the sol which is observed varies with 
the nature of the sol. The times are strictly comparative only for 
a particular sample observed at different temperatures. The 
observations at different temperatures were made side by side and 
always on the same day. The sulphide contents of the different 
sols are given below. Sol A contains r925 millimoles of aracnious 
sulphide. Sols B , ' G, and F have the same sulphide content, 
namely, 14*23 millimoles per litre. Sols D, E, and I contain 
•5575 millimoles of sulphide per litre, but sol E contains an equal 
mount of arsenious oxide in excess. Sols and / each con- 
jin 4*8 millimoles per litre. In comparing the different sols, it 
hould be remembered that the behaviour of a sol is not determined 
y its sulphide content alone. 


Table I. 

Times required at 
different temperatures 
Concen- ^ ^ 

Electrolyte, tration. Sol used. 25®. 45“ . 


1, Potassium chloride 17A/200 
2 „ „ A/20 

3 . „ „ FfjU 

4. ,, nitrate 7V'/20 


4. Potassium sulphate Njl 

5. „ „ EG 

6. Sodium chloride. .. ZN / 40 

7. Hydrochloric acid 0-07385 A 

8. „ „ 0-0738.W 

9. Sulphuric acid ... 0-08438A/' 

10. Hydrochloric acid 0-0733iV^ 


1 1. Barium chloride ... iV/800 

12. Calcium bromide A78OO 

13. Strontium chloride A/800 

14. Magnesium sulphate A/600 


.4. 

4 mma. 

38 mins. 

B 

14 „ 

38 „ 

B. 

4 „ 

10 „ 

C. 

1 hr, 51 mins. 

(14‘57 

3 hra. 39 mins. 


14-5^ 

45®, 

D. 

3^ mins. 

4 hrs. 2 mins. 

E. 

1 min. 

30 mins. 

F. 

10 mins. 

4 hrs. 42 mins. 

D. 

5 

about 1 min. 

E, 

4 „ 

„ mins. 

E. 

40 „ 

23 mins. 

E. 

n „ 

3 


28® 

65®. 

H. 

5 mins. 

1 min. 

H. 

13 „ 

2 mins, 

H. 

21 „ 

4i .. 

H. 

7 

2 „ 


Observations 1 and 2, 1 and 3, and 5 and 6 show clearly that 
the effect of temperature depends on the quality of the sol. The 
concentration of the electrolyte has also an effect even for the same 
sol. 

It would appear from table I that the extent to which the time 
Varies with change in temperature differs with different preparations 
of the sol. For any particular sol, however, the effect of tempera- 
ture ia approximately the same for the different ions within the 
roups referred to above. 

VOL, OXVU. 
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Experiments were made with freshly prepared sols with excess 
of arsenious oxide, and the results were similar. In all, fifteen 
different samples have been used, and the results were always con- 
cordant, The experiments with excess of* arsenious acid show that 
the effect of temperature cannot be wholly referred to hydrogen 
sulphide evolved by the decomposition of arsenious sulphide. It 
is true that rise of temperature increases the rate of decomposition 
of arsenious sulphide, but the quantity produced in this way is 
extremely small. Moreover, the rate of evaporation of dissolved 
hydrogen sulphide also increases. It would appear from what 
follows that the effect of temperature is rather complex, and a 
slight ci.. of hydrogen sulphide cannot explain 

it. It may be pointed out thav freshly prepared sols have no 
perceptible odour of hydrogen sulphide at any gi the temperatures 
investigated, and that the magnitude of the effect observed would 
require a rather marked change in the concentration of dissolved 
hydrogen sulphide. 

With aluminium sulphate and thorium nitrate, more compli- 
cated results were obtained. In some cases, an increase of tempera- 
ture increases the time, and in other cases the reverse is the case. 
With a particular sample of the sol and a particular concentration 
of electrolyte, different readings agreed with one another perfectly. 
On closer investigation, it was found that concentration of the 
electrolyte, as well as the quality of the sol, have to be taken into 
consideration. It must also be remembered that a dilute solution 
of aluminium sulphate “ages" considerably with time, as pointed 
out by Powis {Zeitsck. physiM. (Jhem., 19 U, 89 , 106 ).. The com- 
bined effect of “ageing" of the sol and the electrolyte will be 
apparent from table II, in which the time for coagulation 
diminnshes with 1-064A7 9000-aluminium sulphate from six and 
a-half mmutes to two and a-half minutes eleven days later but the 
inlluence of temperature is the same in both cases. 


Table II. 


Electrolyte, Aluminkim Sulphate, 


Concen- 

tration. 

1 064JV/7000 
1 064^/9000 

1-0641^/9000 
1-064W'/10000 
1 064^/10000 
2^/5000 


Corresponding times at different 
temperatures. 


Sol. 

J 
1 

(11 days later) 

D 
J' 


Room 

temperature. 

3 mina. 

^ „ 

:: 

ifl 

> 2hrs. 41 mins. 


25\ 


57 mins. 


45^ 

11 mins. 
More than 

12 mins. 

4 mins. 

17 M 
3 hrs. 28 mins 
I hr. 28 mins. 
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Table HI records some similar data with thorium nitrate. 
Similar irregularities will be noticed here. It would seem that a 
change in temperature produces independent changes in several 
factors which govern the mechanism of coagulation. 

Table III. 

Electrolyte f Thorium Nitrate, 


Concentration, Corresponding times at different 

in grams of the temperatures, 

crystallised salt ^ -r,.. , ^ 

per litre. Sol. i'*. 2S°. 6®. 

0-025 A 4 mins. 1 min. 30 secs. More than 

2 hra. 

0-02 A^ 11 „ 28 mins. Not in 12 hrs. 

0-0175 Ai 31 „ Not in 2 hrs. — 


Sols A and are of the same sulphide content, but prepared 
m different dates. 

Experiments with Sols containing Ethyl Alcohol and Phenol. 

Kruyt and Duin {Koll. Ghem. Eeihefte, 1914, 5, 269) investi- 
gated the effects of adding substances like ethyl alcohol, woamyl 
Ucohol, and phenol, which diminish the surface tension (air-liquid 
surface) of water. They used them in concentrations varying from 
NjbO to 3iV/10. It is needless to point out that in such 
concentrations most of the physical properties of the dispersion 
medium will be altered. Their work has an interesting bearing 
on the results recorded here in so far as they also found that the 
bivalent group of cations act in a different manner from the uni- 
and ter-valent groups. In fact, they observed the reverse effect, 
namely, an increase in stabilisation with the barium group and a 
decrease with the rest. 

Experinaenta at three different temperatures with potassium 
chloride, barium chloride, strontium chloride, calcium bromide, 
magnesium sulphate, aluminium sulphate, and thorium nitrate 
were made with sols containing small quantities of alcohol and 
phenol. 

To a definite volume of a sulphide aol was added a definite 
7olume of a solution of alcohol or of phenol of known strength, 
ind in a blank experiment water was added in the same ratio. 

With potassium and the bivalent cations exactly the same results 
were obtained as with the ordinary sols, that is, an increase in 
stability with rise of temperature for potassium and a decrease in 
the case of the bivalent cations. The concentration of phenol in 
the aol was about 0'515 gram in 100 o.c., and that of alcohol varied 

0 ‘2 
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6 cc, to 25 c.c. of absolute alcohol in 100 0^ . of the sol, 
W Th he small quantities of phenol used, no nofaceable change was 
lerved from the blank experiment, but w.th alcohol a slight 
decrease in stability for potassium and a slight inorea^ with he 
Went cations were noticed. This is in a^r^ment with the 
of Kruvt and Duin (loc. ct.), but the magnitude of 


the change is small. 

With aluminium sulphate and thorium nitrate, more compli- 
cated results are obtained, as is to be expected from the tempera- 
turoeffect with the pure sols, and they will be dealt with on a 


future occasion, 

A few selected daU are given in table IV. 


Table IV. 


Elect roll/ fe, Strmtiiun Chloride. Concentratum, N/800. 


Sol (with water) 
Alcohol present . 
Phenol „ 


Corresponding times. 

0-2®. 28®. 65®. 

1 hr. 15 mins. 21 rains. 4^ mine. 

„ 30 „ 4i „ 

„ 20 „ H „ 


Calcium Bromide^ N/800 approximately. 


Sol with water 1 hr. 18 rains. 10 nuns. 2 inins. 

Alcohol present 1 hr. 23 rains. 22 2 „ 

Phenol 1 15 „ 13 „ About 2 mins. 

Maynesium Sulphate, N/600. 

Sol with water 35 mins. 7 mins. 2 mins. 

Alcohol present 34 „ 7 „ IJ ,» 

Phenol „ 33 „ G „ About 2 mins. 


The hydrosol contained 4*8 millimoles of sulphide per litre. 

Discussim of Results. 

The different effects observed for different ions may be referred 
to the selective nature of the adsorption process to which, a diminu- 
tion in the charge of the particles of the colloid is due. The 
different results obtained with different concentrations of the same 
electrolyte and with different qualities of the sol show the com- 
plicated nature of the phenomena. As the theory of the process 
of coagulation stands at present, the results may broadly be 
attributed to three factors: 

(1) The increase in the number of collisions with increase is 
thermal energy and decrease in viscosity. 
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(2) The increase in the repulsive forces between the particles due 
tx) a decrease in the dielectric constant of the medium. 

(3) Variations in the adsorbability of the different ions present 
in solution which may change (a) the charge of the particles, and 
(6) the adsorbability of the coagulating ions, which necessarily 
means a change in the coagulating power. 

To these must be added any change in the number of the par- 
ticles and in the total surface of the colloid that may take place 
with change in temperature. Of these various factors, to which 
the complex nature of the results may be attributed, (1) has been 
given a mathematical form by Smoluchowski (Zeitsch. physikah 
Ckem., 1917, 92 , 129); (2) affects all cases equally, and may be 
accounted for definitely, Regarding variation of adsorption with 
temperature, Freundlich {Zeitsch. physikal. Ohem., 1906, 57, 385) 
gives experimental reasons showing the effect to be slight. This 
seems to be further supported by the experiments of Burton 
(“Physical Properties of Colloidal Solutions,” 1916, 137), who finds 
that the mobility of colloidal particles of silver is inversely pro- 
portional to the viscosity at different temperatures. This would 
mean that the charge is constant. The experimental error in his 
experiments is quite large, and small variations are not ruled out. 
Since all the other factors affect the different cases equally, it must 
be concluded that there is a variation in the adsorbability of the 
coagulating ions to account for the different effects observed with 
different ions. As there are several opposing factors operating, it 
is not possible to say whether a decrease or an increase in adsorb- 
ability has occurred, If the net result of the other factors is an 
increase in the stability of the sol, that is to say, a smaller number 
of successful collisions, then we have to assume that, in the case of 
potassium or aluminium ions, either (o) the adsorbability has 
decreased, or (b) if it has increased, the increase is quite insufficient 
to counterbalance the stabilising effect due to other causes. 

Similar considerations show that nothing can be said as to the 
direction of change in adsorbability if the net result is in the 
opposite directions. 

In the case of the ions of the barium group and the hydrogen 
ion, it is evident that the change in adsorbability is relatively more 
' 'll favour of instabilisation. 

However, our ideas regarding the mechanism of this adsorption 
•re vague and indefinite. Even the fundamental assumption that 
he equality in charge corresponds with a definite rate of coagula- 
ion for the different ions is not on very secure ground. There is, 
)f course, much experimental evidence in its favour, but direct 
^perimente on the migration velocity are few. Indeed, Powis 
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(T,, 1916, 109, 734) obtained a markedly different value of the 
contact potential for potassium chloride (0’044 volt) from those 
with other salts (0'026— 0-024 volt), corresponding with the same 
rate of coagulation. What is needed is a more detailed examin- 
ation of the process of coagulation in all its aspects, and a mathe- 
matical formulation of the assumptions made in the simplest form 
of the theory as developed by Hardy, Freundlich, Bredig, and 
Smoluchowski. 

S'U.mmary. 

(1) A rise in temperature has different effects on the rate of 
coagulation, depending on the nature of the electrolyte, the quality 
of the sol, and the concentration of the electrolyte. These effects 
are not due to any irreversible change in the sol. 

(2) The salts of the alkali metals show a stabilisation at higher 
temperatures; the salts of the alkaline earth metals always show a 
diminution in stability, the same being also the case with sulphuric 
and hydrochloric acids. The same results are obtained even when 
the sol conrains small quantities of alcohol or phenol in solution. 

(3) With aluminium sulphate and thorium nitrate, the quality 
of the sol and the electrolytic concentrations determine the effect 
of temperature, and both an increase or a decrease in stability is 
met with, as the case may be. In the presence of traces of alcohol 
or phenol, the results are more complicated. 

(4) Effects of temperature are small compared with the effect 
of valency, and show that a change in the adsorbability of the 
different ions must be assumed. 

My sincere thanks are due to Prof, F. G, Donnan, F.R.S for 
his kind inteMt in the work and for the fadlities for carrying it 
out. I have also much pleasure in thanking my friend Dr. J. C. 
Ghosh. ’ 

University College, 

Department op Chemistry, 

London. [jReceived, February ^ith, 1020 ,] 



THE PREPARATION OF HALOGBNOHYDRINS, 


359 


XLIV . — The Preparation of Halogenohydrins. 

By John Read and Margaret Mary Williams. 

In a previous communication (T., 1917, 111, 240), we have shown 
that when ethylene is passed into cold bromine water, two additive 
reactions occur simultaneously, leading to the production of 
ethylenebromohydrjn and ethylene dibromide respectively. As 
the first of these reactions takes place with a greater velocity than 
the second, the method is well adapted to the preparation of 
ethylenebromohydrin in quantity. Thus, from 200 grams of 
bromine reacting in a particular experiment, we were able to isolate 
85 grams of ethylenebromohydrin and 88 grams of ethylene 
dibromide, the corresponding relative percentages of ethylene being, 
therefore, 59 and 41. The bulk of the ethylene thus reacts to form 
ethylenebromohydrin rather than to produce ethylene dibromide. 
Owing to the difficulty of effecting a complete isolation of the 
bromohydrin, the experiments in question are to be regarded as 
qualitative rather than quantitative, and the latter aspect is 
reserved for further treatment. 

In a further study of the reaction we have now found it possible 
to improve the yield of bromohydrin by adopting a modification of 
the original method, to which, incidentally, wo have already directed 
attention {loc. cit,^ p. 243), that is, by increasing the concentration 
of the ethylene, and thus accelerating its gross rato of reaction. 
At the same time, the modified method reduces the concentration 
of free bromine in the liquid to a minimum throughout the 
operation. 

A current of air is charged with bromine vapour by causing it 
to pass slowly through a vessel containing an appropriate quantity 
of the halogen. The gaseous mixture is then passed through a 
perforated glass bulb into ice-cooled water, which is subjected to 
vigorous mechanical stirring throughout the course of the experi- 
ment. A second perforated bulb, arranged at a distance from the 
first, admits a regular stream of ethylene into the liquid in the 
form of numerous minute bubbles. Reaction occurs readily under 
these conditions, the bromine being admitted at a rate sufficient 
to maintain at the most a barely perceptible tint in the liquid. 
The operation may be conducted for a considerable time, and 
naturally, in practice, the most effective period will be determined 
hy the influence exerted on the reaction by the steadily increasing 
concentration of ethylenebromohydrin and hydrogen bromide in 
the solution. This aspect of the reaction is still under consider- 
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ation, but it may here be noted that in both the original and th& 
modified method the process was continued until the solution had' 
attained a concentration of somewhat more than 14 per cent, ofi 
ethylenebromohydrin, determined by direct isolation, ^ the mean 
value corresponding approximately with a bSSiY-solution of this 
substance. 

The following results of a typical experiment may be quoted, the 
products having been separated in the manner already described. 
{foe. rii., p. 242) : using 500 c.c. of water, the amouiits of ethylene- 
bromohydrin and ethylene dibromide obtained were 82 grams and 
54 grams respectively, and the amount of hydrogen bromide present 
in the liquid at the end was 69 7 grams, estimated by titration. 
The relative percentage amounts of ethylene corresponding with the 
above weights of ethylenebromohydrin and ethylene dibromide are 
70 and 30 respectively. Tt is apparent, therefore, that the modified' 
process is superior to the original method in yielding an appreci- 
ably higher bromohydrin/dibromide value, the molecular ratio) 
being 1*45 in the original method and 2‘3 in the modified process. 

As already indicated, the results derived in this manner, although 
useful for purposes of comparison, are not to be accepted as exact, 
quantitative values, and possibly a more accurate idea of tha 
numerical relationships may be derived from a consideration of the 
distribution of the bromine in the above experiment. Of the total 
bromine accounted for (167'3 grams), 62-7 per cent, was utilised! 
in the production of the isolated bromohydrin and 27 '5 per cent, 
was converted to dibromide, whilst the residual 9‘8 per cent, repre- 
sents an apparent excess of hydrogen bromide, the occurrence of 
which may possibly be due in some measure to decomposition of 
hypobromous acid into hydrogen bromide and oxygen. Under the 
conditions now described, however, it seems unlikely that any very 
appreciable loss of Kafogen would accrue from this cause; the 
apparent excess of hydrogen bromide appears rathet to be a con- 
sequence of the incomplete extraction of the soluble bromohydrin. 
Accepting this view, that is, adopting the amount of hydrogen 
bromide formed as a criterion of the yield of bromohydrin, the 
distribution of the ethylene in the experiment described above 
would be 75:25, corresponding with a molecular ratio of 3-0 as 
between ethylenebromohydrin and ethylene dibromide. 

Further discussion of these values may conveniently be deferred 
until further data have been accumulated, but the results prove 
that cold bromine water provides a valuable source of potential 
ypo romous acid, and that its application in the manner described 
opens up a very practical and expeditious method of preparing 
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bramotydrins. That this additive reaction is capable of wide 
application is indicated by the results of further investigations, 
Tt'hioh, however, for the most part have not yet been completed. 
In the case of cinnamic acid, for example, we have been able to 
show that a similar reaction occurs with great ease, the ratio of 
the respective amoxints of cinnamic acid converted to bromohydrin 
and dibromide in a particular experiment being about 5*0 {J. Ptoc. 
Roy. Soc. l^.S. WaleSf 1917, 51 , 561). Owing to the comparatively 
high molecular weights of the substances concerned, and also to 
the ease with which the products may be isolated, the final concen- 
tration of bromohydrin in the solution was kept in this case quite 
conveniently below 0'2iV; the high value of the bromohydrin- 
dibromide ratio is doubtlessly due partly to this factor. 

Prom the results we have recorded in the case of bromine water, 
it is evident that chlorine water may similarly be regarded as a 
highly convenient source of potential bypochlorous acid for use in 
the preparation of the corresponding chlorohydrins. Bromine 
rather than chlorine was selected for the initial investigation, 
owing to the reported comparative facility of combination of hypo- 
bromous acid with ethylene {Antuden, 1866, 144 , 40; J. Russ. 
Phys. Chem, Soc., 1898, 30 , 900), and to the greater convenience of 
manipulation. Our anticipation that chlorine water and ethylene 
would react similarly was confirmed by a series of preliminary 
experiments, but, owing to the pressure of other work, the matter 
had to be left in abeyance for the time being. The continuation 
of this line of our investigation has now been rendered unnecessary, 
owing to the recent publication by Gomberg (J. Amer. Chem. Soc., 
1919, 41 , 1414) of the results of a detailed examination of this 
reaction, the principle adopted being that laid down in our original 
paper, whilst the amounts of ethyl enechlorohydrin produced were 
estimated by means of a refractometric method which appears to 
meet adequately the requirements of this particular case. From 
the results given, it would seem that under comparable conditions 
the reaction in the case of ethylene proceeds somewhat more readily 
with chlorine water than with bromine water, interpolation reveal- 
ing that in the preparation of a 1 '333' -solution of ethylenechloro- 
hydrin, the relative percentage amounts of ethylene converted to 
chlorohydrin and dichloride would be 84 and 11 respectively. 

It may be added that a study of the action of chlorine water on 
cinnamic acid has also given satisfactory results. The details of 
this last reaction, as well as the results of an extended series of 
related investigations, are reserved for future publication, but we 
iJiay remark in tjiis place that sufficient data have been secured to 

o* 
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indicate that both chlorine water and bromine water are capable 
of wide application in the novel and effective method of preparing 
halogenohydrins which we have described. > 

Depabtment of Organic Chemistry, 

Umivmsity or Sydney. [Received, March I5th, 1920.] 


XIjY. —T he Activatio?i of Wood-charcoal hy Heal 
Treatment, 

By James C. Philip, Sydney Dunnill, and Olive Workman. 

The observation that the absorptive power of wood-charcoal is 
notably increased by prolonged heating was made by one of the 
authors in the course of investigations aiming at the improvement 
of defence against poison gas (see Philip, J. Roy. Soc. Arts, 1919 
67, 126; Winter and Baker, this vol., p. 319). This fact of activ- 
ation by heat treatment has, however, considerable significance also 
from the technical point of view, and, further, raises many interest- 
ing questions of a purely scientific kind. The present paper contains 
a brief preliminary record of work carried out with the object of 
elucidating the extent and the mechanism of the activation effected 
by heat treatment alone, and divides itself naturally into two parts, 
which deal respectively with experiments on the absorptive power 
of wood-charcoal for (i) sulphur dioxide, (R) methylene-blue in 
aqueous solution. 


The main series of experiments was carried out with bireh-char 
the for three hours at 800“ The product was broken up and 

prl“L' a P™- “der different 

tube which, *** ^ Jena-glass 

be conneetv ^ -Ti, e ippropnate stopcocks, couM 

r;s ".r r 

vrlS il a n’ ™ 

' ■" * the glass tube with the char- 
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coal again in position and immersing it in melting ice, the dead 
space (of known volume) between the stopcocks and the glass tube 
was thoroughly exhausted and the connexion with the pump was 
closed. The sulphur dioxide in the gas-burette was then admitted 
to the dead space and the charcoal, and equilibrium was allowed to 
establish itself at a number of different pressures, the volume of 
unabsorbed gas for each pressure being read off on the gas-burette, 


Fig. 1. 



*'ith an allowance for the volume of the dead space and the elass 
:ab6. ^ 

The isothermal volume- -pressure relationship thus obtained for 
he original stock charcoal appears in Fig. 1 as the lowest curve 
aiarked 0*82). The other curves in this figure are the correspond- 
ing isotherms (all at 0°) obtained, in the same way as already 
escribed, for portions of the stock material which had been heated 
w the different periods indic^ated. It is clear that, in general, the 
rptive power of the charcoal for sulphur dioxide is increased 

0 * 2 
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by this treatment, but it is equally plain that the duration of the 
heating is not the main factor in determining the degree of 
activation. 

The clue to this factor is to be found in the alteration of the 
bulk density which results from the heating of the charcoal (com- 
pare Lamb and others, J. Ind. Eng. Chein., 1919, 11 , 427; Ghem. 

1919, 119 , 283). Experimental evidence for this ig 
furnished by the figure of the bulk density of all charcoals for 
which volume-pressure relationships are recorded in Pig. 1. A 
glance at the values for the relative bulk density (added in brackets 
at the ends of the corresponding curves) shows that the order of 
activity for birch-charcoals is very nearly the order of the bulk 
density, and is not determined primarily by the duration of the 
heating. The conditions under which the charcoal is heated can 
be widely modified, air being excluded in .varying degrees accord- 
ing to the method of packing and covering, and it was proved con- 
clusively that the greater the facilities for the access of air to the 
heated material, the greater is the decrease of bulk density and the 
greater the increase in absorptive power. Thus, for example, if a 
quantity of the original stock charcoal in the form of granules was 
heated in a crucible for a long period, the portion occupying the 
bottom of the crucible being separated from the r^t by a layer of 
asbestos, and being thus better protected against circulation of air, 
it was found that the product from the upper part of the crucible 
had a lower bulk density and was considerably more active than 
that from the bottom. 

The view that the degree of activation is intimately connected 
with the extent to which the charcoal is oxidised during the heat 
ing is strengthened by experiments made with charcoal from whick 
air was excluded during the exposure to a high temperature. For 
this purpose, a Jena-glass tube containing a sample of charcoal 
was freed from air by a current of nitrogen, introduced into an 
electrically heated furnace, and sealed up about half an hour later. 
The heating continued for twenty hours, and it was then found 
that both the absorptive power and the bulk density were practic- 
ally unaltered. A slight oxidation, even under these conditions, is 
probably unavoidable, for, as Rhead and Wheeler s work has shown 
(T,, 1913, 103 , 461), it is impossible to heat carbon without getting 
at l^ast some quantity of the oxides. 

Another interesting feature of the curves in Pig. 1 is the change 
in their character with increasing degree of activation. Whereas 
with the original, comparatively inactive stock charcoal an increase 
of pressure above a certain value does not lead to any marked 
increase of gas absorption, with the most active charcoals there 



WOOD-OHARCOAL BY HEAT TREATMENT. 


365 


appears to be bo such limit: the slope of the volume-pressure curve 
t^ecomes steeper as the activation increases. 

The observations recorded above appear to be capable of a com- 
oaratively simple explanation— an explanation adopted as a work- 
ing hypothesis by one of the authors (S. D.) during the experi- 
[neutal exploration of the question. According to this view, which 
iiffers somewhat from that of the American workers already quoted, 
the heating of charcoal results in the widening, by progressive oxida- 
tion, of the capillary channels with which the granules are riddled. 
In this way, although the external volume of a granule is practic- 
ally unaltered, its bulk density is diminished, and the effective 
surface is enormously increased. For a charcoal of low activity, 
which, on this view, has extremely narrow capillaries, the deposition 
of a comparatively shallow layer of gas molecules on the surface will 
block the capillaries and cut them off from further participation 
in the absorption process. Increase of pressure in such a case will 
have very little effect in increasing the absorption, because of the 
very restricted surface left available. In an activated charcoal, 
on the other hand, the capillaries have been opened up, and the 
deposition of additional gas molecules accompanying an increase of 
pressure can proceed along the walla of these internal capillaries 
as well as on the free surface of the charcoal. The limit, therefore, 
of the ahsorptioD must lie at a higher pressure than for a charcoal 
of low activity, and this is what is found experimentally. 

If the foregoing interpretation has any basis in fact, then for 
low pressures far from the saturation limit, where the molecules of 
absorbed gas form, presumably, only a shallow layer on the surface 
of the charcoal, there should be but little difference between 
activated and unactivated material, even where a notable difference 
in favour of the activated material develops at higher pressures. 
This conclusion was confirmed by some experiments on the absovp- 
' tion of carbon dioxide by charcoal at 25°, and the results obtained 
with two samples of relative hulk densities 0-82 and 0’57, respec- 
tivsly, are shown in Fig. 2. It appears that the charcoal of lower 
hulk density, although more active at higher pressures, is at lower 
pressures actually somewhat less absorbent than the unactivated 
Material. 


B. 

. The increase in the absorptive power of wood charcoal for gases 
effected by continued heating is paralleled by a marked increase 
M the power of the charcoal to remove methylene- blue from its 
solution. 
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For the purpose of comparing the efficiency of different specimens 
of charcoal from this point of view, a uniform procedure was 
adopted. Each sample to be examined was ground in a mechanic- 
ally-driven agate mortar, and 0‘5 gram of the product was then 
agitated for three hours on a mechanical shaker wiUi a given 
quantity of a standard methylene- blue solution. Thereafter the 
solution was filtered, and the residual methylene-blue was deter- 
mined by titration with titanium chloride. The period of three 
hours was chosen for the shaking because it was found that, 
although slight subsequent adsorption of the dye occurred, by far 
the greater part of the })rocess had been completed in the period 


Fig. 2. 



mc-iuoned. Moreover, .ue uujecG was to get a measure of the 
comparatmc activity ot the charcoals, and it was therefore not 
considered necessary to carry the adsorption to its limit. 

The rnagnitude of the activation effcsit is shown by the figures 
given below, which were obtained with Japanese ash charcoal. Tbs 
wood first carbonised at 935” for one hour, and a sample cl 
the product (0-5 gram, as in all other cases) was tested for if 
wolonsing power as described above. The bulk of the product 
s further heated for eleven hours at 925”, and a sample was 
Jin erammed. The material was heated subsequently for periods 
of sixteen, six, eight, and seven hours, in each cash at 830”, a Lpl. 
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being taken and examined at each stage. The results are embodied 
in the following table: 

Total time of heating in hours 1 12 28 34 42 49 

Percentage of dye removed from 

solution 0-6 14'7 24-4 42-5 51-8 60-3 

A sample of commercial animal-charcoal, tested under precisely 
the same conditions, removed 17*8 per cent, of methylene-blue, and 
it appears, therefore, that the exceptional activity commonly 
attributed to animal-charcoal can be paralleled, and even surpassed, 
by a heat-treated wood-charcoal. 

Attempts have been made (Glassner and Suida, An^ialen^ 1907, 
357 , 95 j Knecht and Hibbert, /. Soc. Dyerfi and Col., 1916, 32 , 
226) tp correlate the activity of a charcoal in decolorising solutions 
with its nitrogen content, but the probability of any such relation- 
ship must be regarded as exceedingly small in view of the above- 
figures for a wood -charcoal. Further, the charcoal prepared from 
pure sucrose can be activated in the same way, as was shown by 
experiments with the original sugar-charcoal employed by Winter 
and Baker (^. cit.) in their study of the absorption of sulphur 
dioxide, A sample of this charcoal, tested exactly as has 
been described, removed only 1 per cent, of methylene-blue from 
the standard solution. A portion which had been heated at 870° 
for two hours removed 3‘8 per cent., and a portion similarly heated 
for twenty hours removed no less than 45 ‘4 per cent, of the dye. 

The decolorising power of a charcoal appears to be primarily 
determined by its physical structure and its surface development, 
and not by the presence of any specific admixture. The efficiency 
of animal-charcoal itself is a function of the heat treatment it has 
received, and can be increased to a very notable extent. Thus, the 
sample of animal -charcoal which, as already stated, removed 17’8 
per cent, of methylene-blue from solution, removed 69*6 per cent, 
after being heat-ed for eighteen hours at about 800°, Special 
charcoal preparations, such as eponite, exhibit similarly a big 
increase of decolorising power as a result of heat treatment. 

The absorptive power of a charcoal has sometimes been associated 
with the presence of specific inorganic constituents in the ash, but 
the results of certain experiments made with Japanese ash charcoal 
show that this is a factor of very minor significance* The experi- 
ments consisted in a comparison of purified and unpurified material, 
both before and after heating. The unpurified charcoal (A in the 
following table), containing 4 ‘45 per cent, ash, was digested with 
hydrochloric acid, then thoroughly washed, and dried. This treat- 
ment gave a product, B, the ash content of which was 1-19 per 
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cent. The activities of A and B, as well as of the products A j and 
obtained by heating A and B, respectively, for four hours at 
about 1000°, are recorded in the table. 





Percentage of 



Relative 

methylene- 



bulk 

blue removed 


Charcoal. 

density. 

from solution. 

A... 


— 

12'9 

A, 


— 

31*5 

B... 


O' 56 

13'2 



0-47 

33-2 


It is clear that the quantity of the ash makes very little differ- 
ence either to the original absorptive power or to the degree of 
activation effected by heating. In harmony, further, with the 
observations recorded in an earlier part of this paper, the increase 
of activity is associated with a diminution in the bulk density. 

. As to the temperature at which the wood or charcoal should he 
heated to bring about activation, it appears that it must be 800° 
or above for any rapid improvement to take place. Evidence for 
this is embodied in the following two tables, in which, it should be 
noted, each line of figures refers to a portion of the wood (in the 
form of small cubes) heated independently at the temperature and 
for the period stated. 


Poplar wood at different 
temperatures. 


Poplar and willow heated 
for 2 hours. 


Tempera- 

Duration 

ture. 

of heating. 

370° 

2 hours. 

370 

5 M 

370 


850 

2 

850 

5 !! 


Percentage 
of dye 
removed. 
0-6 
O' 9 
10 
5-1 
II-O 


Wood. 
Poplar .... 

Willow 


Temp. 

370" 

850 

1,000 

300 

600 

8^0 


Percentage 
of dye 
removed. 
0-6 
51 
7-5 
1-6 
1‘8 
5-0 


o V 

The variation in the rapidity of activation with the texture of 
the original wood was investigated, and it was found that whilst 
the light woods were activated more rapidly, they were ultimately 
surpassed in activity by charcoals derived from denser woods, such 
as box. So far as the more rapid activation of the lighter woods 
IS concerned, the following figures are of interest. The temperature 
of carbonisation was 850° in each case. 


Wood, 
Willow 

Poplar 

Box 


Time of 
carbonisa- 
tion. 

2 hours. 

5 „ 

2 „ 

5 „ 

2 M 

5 M 


Percentage of 
methylene- 
blue removed 
from solution. 
5-0 
18-3 
5-1 

no 

1-2 

2-4 
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Experiments were instituted with the ebject of finding whether 
heat alone, apart from oxidation, would lead to any change in the 
decolorising power of charcoal, and with this in view, various 
specimens were heated for a prolonged period in a current of 
nitrogen. It turned out, however, to be impossible to heat these 
powdered charcoals without their losing considerably in weight 
and without considerable quantities of carbon dioxide and carbon 
monoxide being evolved. The products obtained in this way by 
heating small quantities of the charcoal at 800° for twenty-four 
hours were found to have diminished in bulk density and to have 
gained notably in decolorising power, as is shown by the figures 
below : 

Percentage of 
raethylene> 

Relative blue removed 

Loss of bulk density. from solution. 


Charcoal. per cent. before, after. before. after. 

apaneseash 34 0-52 0-41 13<0 38-7 

;irch 27 0'62 0-48 2*5 160 

iiimal 46 0-41 0*29 17-4 36-4 


In view of the pertinacity with which oxygen is retained by 
harcoal (see Rhead and Wheeler, T., 1913, 103, 461), it is perhaps 
lot surprising that appreciable quantities of the oxides should be 
obtained on heating carbon under the conditions stated, but cer- 
tainly the loss of weight and the increase of activity observed were 
nueh greater than was expected from the corresponding experi- 
nents recorded in the first part of this paper. It should, of course, 
36 noted that the charcoal was heated as granules in the one case 
ind as powder in the other, and it is possible that this explains the 
lifferent activation effects observed. This and numerous other 
joints connected with the activation of charcoal by heat treatment 
jtill require investigation and elucidation, and further experiments 
are in progress with this object. 

Impebul College of Science and Technology, 

South Kensington, 

London, S.W. [Receded, JHarcii 1920.} 
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XLVI— r/ie Composition of Salvarsan. 

By Robert George Fargher and Frank Lee Pyman. 

Commercial salvarsan is prepared by the reduction of 3-nitro-4- 
hydroxyphenylarsinio acid by means of sodium hyposulphite, solu- 
tion of the base in methyl alcohol containing hydrogen chloride, 
and precipitation of the salt by means of ether (Ehrlich and 
Bertheim, Ber., 1912, 45 , 756). 

It is a yellow, amorphous compound slightly variable in chemical 
composition and more so in physical properties; chemically, it is 
generally regarded as 3 : 3^-diaminfr4 :4'-dihydroxyar8enobenzene 
dihydrochloride containing combined solvent, but published state- 
ments on the details of its composition contain many discrepancies, 

When salvarsan was first introduced into general use, the makers, 
Farbwerke vorm. Meister, Lucius & Briining, stated that it con- 
tained about 34 per cent, of arsenic. In 1911, however, Gaebel 
[Afoth. Zeit.y 1911, 26 , 215) found that it lost 7' 6 per cent, of 
its weight on heating, and contained only 31'2 or 31‘8 per cent, 
of arsenic. He communicated these results to Ehrlich, with the 
result that the later circulars of the issuing firm bore the corrected 
statement: “the arsenic content of the preparation corresponds 
to the formula Cj2njo02N2As2,2HCl,2H20.’' 

The Solvent Content of Salvarmn, 

Ehrlich and Bertheira {loc, cit.) have given the results of analysis 
of a specimen of salvarsan prepared, not by the technical method, 
but by reducing 3-amino-4-hydroxy phenyl arsenious oxide with 
sodium amalgam and acetic acid, as follows : 

Found: C = 32-63; H=4-06; N = 6-06; As^31*99; Cl = 15'41. 

Cj,2Hi202N2As2,2HCl,Me0H requires C = 33-l; H=3*8; N=6-0; 

As = 3L85; Cl-15-07. 

Cj2Hi202NoAs 2,2HC1,2H20 requires 0 = 30-3; H = 3-8; N = 6-0; 

As = 31'6; 01 = 14-9 per cent. 

On determining methyl alcohol in 2 grams of this sample, they 
obtained a “distinctly positive'’ reaction, and this fact, in con- 
junction with the percentage of carbon in the compound, led them 
to put forward the first of the above formulae for 3 : S^-diamino- 
4 ,4 -dihydroxyarsenobenzene dihydrochloride prepared in this way,' 

Recently, Kober (.7. Amer, Chem. Soc., 1919, 41 , 442) has 
claimed that there is no justification for Gaebel’s assumption of 
2H2O in salvarsan, • and is clearly of opinion that the combined 
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solvent in ealvarsan, precipitated from methyl alcohol by means 
of ether, is methyl alcohol. 

Our experiments show that this view is erroneous. On analysis 
of two samples of salvarsan precipitated from methyl-alcoholic 
solution by means of ether, we obtained the following figures : 

(A) C = 29'5; H = 4-0; CU12'3; S=2*89; As-30-9; ash = 0-43; 
loss in a vacuum=7'6. 

(B) C-29-2; H=4-l; Cl = 12-0; S=2'76; As-31'0; ash = 0-79; 
loss in a vacuum = 7-7 per cent. 

Determination of the ratio C to As gives the results 5 ’97 to 1 
and 5 '89 to 1 respectively, which show that the total carbon content 
of the product is accounted for by the six carbon atoms of the 
benzene nucleus attached to each atom of arsenic. 

These results contradict Kober’s assumption that the combined 
solvent in salvarsan consists of methyl alcohol, and are confirmed 
by direct determinations of the methyl alcohol by the method 
fleacribed by Simmonds (Anai-ijst, 1912, 37, 16), and later modified 
by Jones {ibid., 1915, 40 , 218), when percentages of methyl alcohol 
varying from nil to 1'4 per cent, were found.* 

It may be noted here that when salvarsan is precipitated from 
methyl-alcoholic solution by means of acetone, the product contains 
one molecular proportion of acetone, which cannot be removed in 
a vacuum at the ordinary temperature, and, beyond this, the usual 
amount of water which can be removed in a vacuum. The acetone 
was estimated by distilling the compound with water and deter- 
mining the volume of iV/lO-iodine required to convert the acetone 
in the distillate into iodoform, f 

Mean values found: In air-dried substance, acetone = 10‘9 ; loss 
in a vacuum-6-1 j in dried substance, acetone=ll-2. 

^12®12^2^2-^®2 j 2HC1,C3 HqO, 2II20 requires C3HgO = 10'9^ 
2H20-:6-8, 

^12^12^2 ^ vequires C3HgO=ll‘7 per cent. 


* The method consisted in distilling from an aqueous solution of salvarsan 
(1 in 20 to I in 40), half its volume of liquid and determining methyl alcohol 
in the distillate. Experiments on the delicacy of the reaction confirmed the 
figures given by Jones (foo. ctt.), and indicated that in our experiments aa 
little as 0-2 per cent, of methyl alcohol, expressed in terms the salvarsan 
employed, should have been readily detected. 

t This method of estimation is the subject of a recent communication by 
L. F. Goodwin. {J. Amer. Chem. Soc., 1920, 42 , 39), who includes a summary 
• of previous literature. The results confirm our experiments ( n the accuracy 
3iid delicacy of the estimation. 
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The Sui'jfhur Content of Salvarsm. 

The presence of a considerable proportion of sulphur in com- 
mercial aalvarsan— not disclosed in the reputed formula calls for 
comment. Ehrlich and Bertheim (Ber., 1911, 44 , 1264; 1912, 45 , 
762) mention that crude salvarsaii base, prepared by means of 
hyposulphite, contains inorganic matter and slight quantities of a 
substance containing arsenic united with sulphur, but indicate that 
these impurities are removed by converting the base into the hydro- 
chloride. Myers and Du Mez FMc Health Report^ 

1918, 33 , 1003), and Kober {lor. rit.), have recently recorded the 
bare fact that commercial salvarsan contains sulphur. 

Several years ago the present authors (compare Medical Research 
Committee, Specid Report Series, No. 44, “ Reports of the Special 
Committee upon the Manufacture, Biological Testing, and Clinical 
Administration of -Salvarsan and its Substitutes/' No. 1, p. 8) found 
that commercial salvarsan of both British and German origin 
invariably contained sulphur, of which the amount varied from 
1 to 2 per cent., and, exceptionally, up to 3 per cent. In our 
opinion, the sulphur occurs at least in part in the form of the 
sulpha mo- group, ■NH*S 03 H. Our reasons for this view are as 
follows: 

(1) It is well known that the reduction of nitre-compounds with 
hyposulphite in alkaline solution leads, sometimes in part and some- 
times wholly, to the formation of sulphamic acids of the type 
R’NH-SOsH. Karrer (Ber., 1915, 48 , 1061) states that “nitro- 
carboxyphenylarsinic acid does not give the normal arsenoderiv- 
ative when reduced with hyposulphite, but gives an easily soluble 
substance, probably a sulphamic acid, as has frequently been 
observed in other cases.’' Moreover, in the somewhat analogous 
case of 3 :5-dinitro-4-aminophenylarsinic acid, an alkali -soluble 
reduction product containing sulphur has been obtained which, on 
treatment with warm acids, yields free sulphur dioxide and salts 
of nexa-aminoarsenobenzene (E.P. 8041 of 1913). Although no 
constitution is assigned in the patent, Giemsa {Deut. m.ed. Woch., 

1919, 45 , 95) describes the product as a monosulphamic add of 
hexa-aminoarsenobenzene, HS 03 -NH-CeH 2 (NH 2 ) 2 -A 82 *C 6 H 2 (NH 2 ) 3 . 

(2) Whilst Ehrlich and Bertheim’s analysis of pure, as distinct 

from commercial, salvarsan shows a chlorine content of 15*4 per 
cent., we have found considerably less chlorine in commercial 
salvarsan of both British and German origin, the content of 
samples taken direct from sealed ampoules varying generally from 
f*" ^ always lower than that calculated 

tor ti2Hi202N2As2,2ECl,2H20, which requires CU14-9 per cent, 
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and, moreover, is usually lower than that necessitated by the 
neutralisation value (that is, the number of parts of sodium hydr- 
oxide required to neutralise 100 parts of salvarsan to pheuol- 
phthalein). The difference between the chlorine found on estim- 
ation and the quantity corresponding with the acidity of salvarsan 
must be due to some other acid. The fact that salvarsan forms a 
sparingly soluble sulphate led us to test for the presence of sulphate 
in the product, but only negative results, or, at most, indications 
of traces, were obtained. In view of the evidence of the formation 
of sulphamic acids in analogous cases, we believe that that part 
of the acidity of salvarsan which is not due to the hydrochloric 
acid is due to the presence of the sulphamo-group. 

Determinations of sulphur, chlorine, and neutralisation value in 
ten consecutive preparations, with the results deduced from them, 
are given below. They are typical of many others. 


s.' 

Cl. 

Neut. val. 

Cl calcu- 
lated from 
neut. val. 

Difference 
in chlorine. 

Whence 

S as 

NHvSOjH. 

Other S. 

1-7 

14-0 

16-45 

14-57 

0-57 

0-51 

M9 

1-3 

144 

16 25 

14-40 

0-.30 

0-27 

1-03 

1-26 

1406 

16-35 

14-50 

0-44 

0-40 

0-86 

148 

13-5 

16-36 

14-51 

1-01 

0-91 

0-57 

1-36 

13-8 

16-34 

14-49 

0-69 

0-62 

0-74 

144 

13-7 

16-42 

14-54 

0-84 

0-76 

0-68 

I 47 

13-06 

16-45 

14-57 

1-52 

1-37 

0-10 

1-51 

13-66 

16-47 

14-59 

0-93 

0-84 

0-67 

1-77 

13-23 

16-21 

14-35 

M2 

1-01 

0-76 

1-74 

13-51 

16-35 

15-50 

0-99 

0-89 

0-85 


The possibility, in the case of salvarsan, of the transformation 
of the sulphamic acid into a true sulphonic acid would seem to be 
precluded by the conditions of the experiment, which, from a study 
of the literature, do not appear to favour the change. 

The formation of an internal imide, R'NIDSOo'NII'R, receives, 
at first sight, support from the low neutralisation values sometimes 
encountered, but these are more probably due to partial hydrolysis 
of the dihydrochloride. We have found that reprecipitation of the 
hydrochloride from methyl-alcoholic solution leads to a product 
containing rather less chlorine, whilst the chlorine content, when 
low, is raised by reprecipitation in presence of a further quantity 
of hydrogen chloride. 

Thus, 8-9 grams of 3-nitro-4-hydroxyphenyIarsinic acid were 
reduced in the usual manner, and the resulting base was dissolved 
in 100 C.C. of methyl alcohol containing M3 grams of hydrogen 
chloride. From a part of the solution, salvarsan was precipitated 
immediately by the addition of ether (fraction d ). To 25 c.c. of 
the remainder a further quantity of 0*2 gram of hydrogen chloride 
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was added, and the liquor kept overnight before precipitation 
(fraction B). Both fractiona were dried under *o^same^ con^ 
ditions and analysed. Found, in i, > > 

'’“a rdr instance is supplied by a commercial^ sample of high 
sulphur content. It contained Cl = 12-3; 8-31 “ *'■ 

1-2 Grams were kept overnight in 10 c.c. of methyl alcohol con- 
taining 0-2 gram of hydrogen chloride, and then precipitat^ by 
ether. The product contained 13-5 per cent, of chlorine and 2-8 
percent, of aulphur. 

(3) Many attempts, both synthetic and analytic, were made to 
isolate the compound containing sulphur in acid form. Analysis 
of the commercial hyposulphite employed in the redu^ion revealed 
the presence of sulphate, sulphite, thiosulphate, and sulplude as 
impurities containing sulphur, these, with the exception of sulphide, 
having been recognised previously by Binz and Bondag {Btr., 1905, 
38 , 3830), Increase of the proportion of each in the reduction 
mixture was without material effect on the sulphur content of the 
product, and since it was found that the reduction of 3-amino-4- 
hydroxyphenylarsinic acid with hyposulphite led to a substance 
containing relatively little sulphur (O' 34 per cent.), it was con- 
cluded that the acidic sulphur originates during the reduction of 
the nitro-group by the hyposulphite, a conclusion in harmony with 
our view of its mode of combination. 


Eventually, however, we found that commercial salvarsan, and 
indeed all specimens prepared by the reduction of 3-nitro4-hydroxy- 
phenylarsinic acid with hyposulphite, gradually separated to some 
extent from concentrated methyl- alcoholic solution, this property 
being much l^s marked in the preparation obtained by reduction 
of the ami no- acid by hyposulphite and at«ent in that prepared by 
the reduction of the amino- acid by hypophosphorous acid. Pre- 


liminary examination of the precipitates showed that they con- 
tained a greater proportion of sulphur than the parent substance, 
and were practically insoluble even in excess of methyl alcohol. 
The isolation of this sparingly soluble portion in a state of com- 
parative purity was accomplished with some difficulty. Ten grams 
of a specimen of commercial salvarsan (containing Cl = 13'7; 
S = 1'0; A3=33'0 per cent.) were dissolved in 50 c.c. of methyl 
alcohol and kept overnight in an inert atmosphere. The deposit 
was separated centrifugally, very thoroughly washed with methyl 
alcohol, and dried in a vacuum. It amounted to 0'4 gram of a 
bright yellow powder, somewhat sparingly soluble in water and 
insoluble in methyl alcohol. On analysis, it gave the following 
results : 
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Found; 01 = 6*84; S = 5’l; Aa=30'8*; neutralisation value= 
15-5 

The combination of a low chlorine content, a high sulphur con- 
;ent, and a normal neutralisation value prove the presence of acidic 
;ulphur. It may be pointed out, further, that the product 
ipproximates in composition to the monohydrochloride of the mono- 
(ulphamic acid of 3 : 3^-diamiao-4 : 4^-dihydroxyaraenob6n2eu6, the 
'ormation of which would be expected in view of Bertheim’s state- 
ment {Chem. Zeit., 1914, 38, 756) that a mixture of two arsinic 
icids gives on reduction only the unsymmetrical arsenobenzene, 

^i 2 lIi 2 ^ 5 ^ 2 SAs 2 ,HCl requires 01 = 7*3; S = 6'6; As=31'l per cent.; 
neut. vah, 16*6. 

The remainder of the sulphur is probably attached to arsenic, 
this mode of combination being indicated by the fact that the 
iistillate from an acid solution of salvarsan often contains traces 
of hydrogen sulphide, which can be detected by lead acetate and 
other reagents, whilst 3-amino-4-hydroxyphenylarsenic trisulphide 
(D,R.-P. 253157) appears to give up at least part of its sulphur as 
hydrogen sulphide on boiling with dilute hydrochloric acid. 

It should be remembered, however, that salvarsan has been shown 
to possess some of the properties of a colloid (compare Karrer, Ber., 
1919, 52, [5], 2319), and it is therefore possible that a portion of 
tie sulphur unaccounted for by the sulphamo -group may be present 
in physical association with the compound. 


The Preparation of ^\V-DiaminoA-A^ -dihydroxy areenohenzene 
Dihydrochloride . 

During the progress of the foregoing experiments, it became 
necessary to prepare pure, as distinct from commercial, salvarsan. 

The reduction of 3-amino-4-hydroxyphenylars6nious oxide to the 
arsenobenzene by means of sodium amalgam in acetic acid had 
already been described by Ehrlich and Bertheim (loc. cit.), and 
this and several other modifications involving the reduction of 
3-nitrcK4'hydroxyph6nylarsinic acid step by step were investigated. 

The first series of experiments involved the preliminary reduc- 
tion of the nitro-group without affecting the arsinic acid group, 
leading to 3-amino-4-hydroxyphenylar8inic acid, This had been 
accomplished by Ehrlich and Bertheim {loc. cit.) by means of 
sodium amalgam, and we employed this process until it became 

* Owing to the small amount of substance available these results are only 
ipprojtimate. 



376 FAEGHEE AND FYMAN : tHE COMPOSITION OF SALVABSAN. 

evident that, on repeated use, without elaborate purification, the 
mercury became contaminated with arsenic and the yield of the 
amino-acid showed progressive diminution. Several other processes, 
such as cautious reduction with zinc in add solution, reduction 
with ammonium sulphide, and reduction with ferrous hydroxide in 
alkaline solution, were investigated, and ■ eventually we drew 
the concl\ision that the most satisfactory method was to treat 
the nitro-acid in cold aqueous alkaline solution with just sufficient 
hyposulphite to reduce the nitro-group (D.R.-P. 224953; Fargher, 
T., 1919, 116, 982). The crude product was contaminated with 
sulphur, but purification as described by Ehrlich and Bertheim 
(/oc. cit.'j effected the complete removal of this impurity, an 
important factor in view of our further experiments. 

The reduction of 3-amino-4-hydroxyphenylar8inic acid to the 
corresponding arson obenzene was readily accomplished by means of 
hypophosphorous acid, as follows: Five grams of the acid were dis- 
solved in 25 c.c. of hypophosphorous acid (D 1-15) and 25 c.c. of 
water, O'l gram of potassium iodide being added as a catalyst. 
The resulting solution was heated to 60° for two hours in an atmo- 
sphere of carbon dioxide, cooled, made slightly alkaline with 10 per 
cent, aqueous sodium carbonate, the precipitated base filtered 
washed very completely with water, converted into the hydro- 
chloride by solution in methyl alcohol containing hydrogen chloride 
precipitated by dry ether, collected, and dried for several hours 
in a vacuum. The yield amounted to 37 grams. The following 
figures were obtained on analysis ; 

Found: As=31-8, 31 84; Cl = 14*15; loss in a vacuum = 6*38. 

In the substance dried at 60° in a vacuum : 

Found: C = 33-3, 33-0; H = 3-6, 3*4; N-S'S. 

Ci..H]oOoNoAso,2HCl (439*0) requires 0 = 32*9; H = 2*8; N = 6*4 
‘ per cent. 

The base dissolved less readily in methyl alcohol containing 
hydrochloric acid than did that obtained by the reduction o( 
3-nitro-4-hydroxyphenylarsinic acid with sodium hyposulphite 
The dihydrochloride, grey or very pale yellow in colour, was less 
readily soluble in water or methyl alcohol than the commercial 
product. Its solution in three parts of methyl alcohol gave no pre- 

mpitate on keeping out of contact with air. It decomposed at 187' 
(corr.). ^ 

The reduction of the amino-acid by sodium hyposulphite was also 
uu erta en, the product, in most of its properties, Tesembling cow- 
mercial salvaman rather than the pure substance. It differed, 

ever, considerably in the readiness with which it precipitated 
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from concentrated methyl -alcoholic solution, and contained only 
0-34 per cent, of sulphur. Other figures obtained on analysis 
indicated a normal composition. 

The second series of experiments, conducted by the converse 
process, namely, reduction of 3-nit ro-4-hydroxyph6nylarsinic acid 
to 3;3Minitro-4 ;4^-dihydroxyar3enobenzen6 and subsequent reduc- 
tion of the nitro-groups, was less successful. 

The first stage was readily accomplished by means of hypophos- 
phorous acid essentially as described in D.R.-P, 269886, although 
the somewhat elaborate precautions taken in isolating the product 
to ensure freedom from the corresponding diamine were found to 
he superfluous, since the reduction of the nitro-group by the addi- 
ion of potassium iodide to the reduction mixture (D.R.-P. 271894) 
?ould not be confirmed. 

Owing to its insolubility, dinitrodihydroxyarsenobenzene could 
Qot be reduced with sodium amalgam in ‘acetic acid solution, and 
although in alkaline solution reduction took place readily, the 
product was unsatisfactory. The base obtained by reducing 
dinitrodihydroxyarsenobenzene in alkaline solution with sodium 
hyposulphite proved somewhat difficult to filter and wash. The 
hydrochloride prepared from it differed but little from commercial 
salvarsan. 

In conclusion, we are glad to have the opportunity of recording 
that this work was carried out in collaboration with the technical 
experts of Messrs. Burroughs Wellcome & Co., and to thank 
especially Dr. H. A. D, Jowett and Mr, F. H, Lees, F.I.C., for 
their valuable help and advice in the course of the work. 

[The Wellcome Chemical Research Laboratories, 

London, E.C. 1. [Received, March I5th, 1920.] 


XLVIL — The Soluhility of Potassium Bromide in 
Bromine Water, 

By Alfred Francis Joseph. 

h a paper communicated to the Society in 1913 (T., 103 , 1554), 
i?ures were given for the solubility of potassium bromide in nitro- 
tienzene solutions of bromine. It was there shown that whereas 
salt is practically insoluble in pure nitrobenzene, a considerable 
^ount could be dissolv^ in the pr^ence of bromine, owing to the 
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foTmation of the readily soluble tribromide, for the existoBce of 
which colorimetric evidence was adduced. 

In continuation of these experimenis, a study of the correspond- 
iug aqueous solutions (saturated with respect to potassium bromide) 
was commenced. This work was, however, interrupted five years 
ago, and as it is not likely to be resumed, the results obtained are 
now published. 

Solutions saturated with respect to bromine have been studied 
by Worley (T., 1905, 87, 1107) for potassium bromide and by Be!] 
and Buckley (/. Amer. Chem. Soc., 1912, 34 , 14) for sodium 
bromide. For solutions of moderate concentration, the solubility 
of bromine was found to be greater in bromide solutions than ip 
pure water by approximately one gram-molecule of bromine foi 
each molecule of bromide, and it was shown that this is in accord 
ance with the formation of a tribromide. In the case of conoen 
trated solutions of sodium bromide, however, the ratio of additions 
bromine to bromide rose to nearly 2*5 : 1, indicating the formation 
of a higher polybromide. 

In the experiments now recorded, the solubility of potassium 
bromide in bromine water was determined by shaking bromine, 
water, and an excess of potassium bromide in 250 c.c. stoppered 
bottles in a SO-litre thermostat provided with a Noyes shaking 
arrangement for twenty-four hours, the temperature being main- 
tained at 32'4±0‘02°. 

Sohbility of Fotassium Bromide in Several results for 

the solubility of potassium bromide in water are given in the litera- 
ture, but they differed sufficiently to make its redetermination 
worth while at the exact temperature at which these experiments 
were to be made. 

Kahibaum's best potassium bromide was used, without further 
purification beyond drying at 150^. It showed only a trace of 
chloride (less than 0 05 per cent.) when tested by Caven’s method 
of distillation with nitric acid (7. Soc. Gktm. Ind., 1909, 28 , 505). 
The determination was carried out as usual, and the results, ex- 
pressed as grams of potassium bromide dissolved by 100 grams of 
water, were : 


(o) 72-63 (fe) 72-67 

(c) 72-58 [d] 72-47 


Mean ... 72-56 


The figure given in Seidell’s Dictionary of Solubilities,” 
obtained by interpolation between 30® and 40®, is 71 '8. Coppet 
(Ann. Chim. Phys., 1883, [v], 30 , 416) and Etard (Compi. 

1884, 98 , 1432) found that the solubility of potassium bromide wa? 
a linear function of the temperature;, according to tha formula of 
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the former, the result at 32-4° should be 71*05, and according to 
the latter 73*43 ; the value here recorded is very nearly the mean 
of these. 

Sduh^ty of PoimsiuTtir Bromide in Bromine Water , — In these 
experimente, a portion of the solution was dropped into a flask 
containing concentrated potassium iodide solution, the flask and 
contents being weighed before and after the addition of the 
bromine-bromide solution. The iodine liberated was determined 
by titration with sodium arsenite solution standardised against pure 
i{^ine. The remainder of the solution was then transferred to a 
warm cylinder in the thermostat and its density determined 
approximately by means of the Westphal balance; the figures are 
probably correct to +0*0003. 

The results are given in the table below. 


Grams of 
bromine per 
lOOO grams 
of water. 

Grams of 
potassium 
bromide per 
1000 grams 
of water. 

Density. 

Grams of 
bromine per 
litre. 

Grams of 
potassium 
bromide per 
litre. 

00 

725-6 

1-3917 

0-0 

585-1 

24*0 

733-9 

1-4063 

19-2 

587-1 

32- 1 

738-2 

1-4070 

25-5 

686-7 

39-6 

740-7 

1-4132 

31-4 

588-0 

74-3 

750-2 

1-4356 

58-4 

589-9 

120-9 

764-3 

1-4633 

93-8 

593-2 

137-2 

771-1 

1*4753 

106-1 

596-2 

229-7 

801-3 

1-5236 

172'3 

60M 

382-1 

845-9 

1-5980 

274 1 

606-7 


Results,— Tho numbers in the first two columns are related by 
the straight line formula : increased solubility of potassium 
bromide = one-third of the bromine concentration. 

If A and B are the total molecular concentrations of bromide 
and bromine per 1000 grams^ of water, and S is the solubility of 
bromide in water alone, the equation is 
{A-S)IB^0i7, 

The actual values of the fraction found for the eight deter- 
minations are : 


0-50 0-63 0-44 0-44 

0*53 0-46 0-46 0-42 


Mean 


0-47 


The corresponding ratio for nitrobenzene solutions was found to 
vary from 0*53 to 0*32, indicating a much less close agreement with 
■a linear relationship. 

If there were no disturbing factors, the ratio should be calculable 
as follows, on the assumption that the increase of solubility is due 
h> the formation of potassium tribromide* 
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In the dissociation equation for the tnbromide, 

A:(KBr3) = (KBr)x(Br2), 

the coBcentratioE of the free bromide is constant (.¥) as the solu- 
tion is saturated with respect to it; that of the tribrem.de obtained 
by subtracting the former from the total concentration of bromide, 
is /t -.S', and the free bromine by subtracting this l^t from the 
total conoentration of bromine, that is, 5-(a4-*S^), so that 
k{A ^S)=S{B-A +S), or {A ^-S)l B = SI(k+S), a constant. 

For nitrobenzene solutions, k. and are very small, and neither 
is known, so that this constant cannot be evaluated. For aquwus 
solutions is 6-1 and k, determined by various methods, about 
0-05 (Roloff, Zatsck. phpikal. Chem., 1894, 13 , 327; Worley, lac. 
cif.; Joseph and Jinendradasa, T., 1911, 99, 274), so that 
Sj{K + S) is a little less than unity. 

If this held, nearly one gram-molecule of bromide should pass 
into solution for every gram-molecule of bromine present. The 
fact that the actual amount dissolved is only about half a gram- 
molecule shows clearly enough that a disturbing f^or is present, 
but whether it is reduction of solubility of potassium bromide in 
water by the common ion of potassium tribromide, or the hydration 
of bromine, causing a reduction in the amount of “free” bromine, 
or some other cause, has not been investigated. 

Fi?n/ Concentrated Solutions . — It was hoped to extend these 
experiments to the study both of very dilute and of very concen- 
trated solutions. Preliminary work on the latter was carried out 
as follows. 

About 250 grams of potassium bromide, about the same weight 
of bromine, and enough water for the experiment (the amount in 
different experiments varied from 5 to 100 c.c.) were left in a 
stoppered bottle for a few days at the ordinary temperature (28°), 
after which the heavy, dark liquid was filtered through glass wool 
and analysed. 

The results of two such experiments are given below. 


Percentage by Grams per 1,000 Grams per litre 

weight. grams of water. of solution. 


Expt. 1. Expt. 2. Expt. 1. Expt. 2. Expt. 1. Expt. 2. 

Water 13-5 5-4 1000 1000 347 154 

Bromide 28-4 15-1 2104 2796 738 432 

Bromine 58-1 79 5 4304 14720 1611 2274 

Density 2-596 2-860 — — — ■ — 


Potassium bromide appeared to be quite insoluble in pure 
bromine, and it must therefore be concluded that the water is 
entirely responsible tor keeping these large quantities in solution; 
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the limit of solvent capacity of the water, even when it constitutes 
only 5 per cent, of the solution, has not been reached. 

So far as the volume concentration {grams per litre of solution) 
is concerned, the maximum for the bromide has been passed before 
the water is reduced to this extent; the concentration of bromine 
corresponding with this maximum must lie somewhere between 
200 and 2000 grams per litre. 

Cofichi^iofh. {a) The solubility of potassium bromide in water 
is increased by the addition of bromine. For moderate concentra- 
tions, about half a gram-molecule of bromide is dissolved for each 
gram -molecule of bromine added to the water. 

{i) The limit of the solvent capacity of the water was not reached 
at bromine-concentrations of more than 2000 grams per litre. 
There is, however, a maximum volume-concentration of bromide, 
the corresponding bromine-concentration being somewhere between 
200 and 2000 grams per litre. 

These experiments were carried out in 1914—1915 at the Ceylon 
Medical College, and my thanks are due to Mr. W. N. Rae for 
kindly making the measurements with the hydrostatic balance. 

Wellcome Tropical Research Laboratosees, 

Khaetoum. [Received, February 2wd, 1920.] 
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Wur Experiences in the Manufacture of Nitnc Acid 
and the Recovery of Nitrous Fumes. 

A Lecture Delivered before the Chemical Society on 
December 18th, 1919. 


By James Waleer. 


I KEED not say how greatly honoured I feel by ^ 
the Council to deliver one of the lectures connected with the War 
which are to be given in the present session. The title of my 
lecture is that suggested by the Council, and the expenenoes I am 
about to relate are my own, or rather those of my colleagues, for 
my part was largely that of an interested spectator. These experi- 
ences, however, must have been to a great extent shared by all 
those engaged on the same problems. I therefore make no claim, 
on behalf of myself or my colleagues, for any novelty of process 
or method; indeed, one of the most pleasing features of the 
explosive manufacture during the war was the pooling of results, 
whereby each factory derived the benefit of the experiences, not 
only of other factories, but of the Research Department of the 
Royal Arsenal, Woolwich, and later also to some extent of the 


Munitions Inventions Department. 

In the early spring of 1915, when the dearth of high explosives 
was the occasion of public outcry, we in the Chemistry Department 
of Edinburgh University felt that we might do something to 
utilise local supplies for the production of trinitrotoluene. The 
War Office was approached, and the suggestion was favourably 
received by Lord Moulton, the Director of Explosives Supply, to 
whom we owe most grateful thanks for constant encouragement 
ard help in our enterprise, A company, named the Lothian 
Chemical Company, which consisted of Dr, A. C. Gumming, Mr. 
J. W. Romanes, and myself, was formed to execute a contract for 
the supply of 150 tons of T.N.T,, without the use of fuming 
sulphuric acid, within a specified time, and work was begun 
in April, 1915, in a disused chemical factory. The manage- 
ment and staff of the factory were recruited from teachers, 
graduates, and undergraduates of the University Chemistry 
Department. The first dispatch of T.N.T. was made in October^ 
1915, and the contract was completed well within the specific 
period. Further contracts followed, hut as the factory was 
incapable of any great extension, and was, besides, unsuit 



inTBiC ACID AND THE BEOOVBBT OF NITBOtTS FUMES. 333 

ably situated in a populous distriot, we agreed to undertake 
for the Ministry of Munitions the erection and management of a 
larger factory in the outskirts of the city, known as H.M. Factory, 
Crsigleith. This factory was originally designed to produce 30 tons 
of T.N.T. per week, but during construction was expanded to 
nianufacture 50 tons weekly. Production was begun in March, 
1917, and by July of the same year 30 tons weekly were being 
delivered. The manufacture of T.N.T. in the original factory 
was then discontinued, and the works, after considerable delay, were 
turned over to the manufacture of calcium nitrate. At the date 
of the armistice, H.M. Factory, Craigleith, was producing as a 
maximum 60 tons of T.N.T. weekly. 

In this country, sodium nitrate from South America was prac- 
tically the only source of nitric acid and other nitrates. With the 
progress of the war, however, the consumption of nitrates con- 
tinually augmented, and the difficulty of importing nitrate from 
overseas increased owing to the lessened freightage and submarine 
risks. It became therefore of the utmost national importance 
first to economise nitric acid by carrying processes of recovery to 
the highest possible point of efficiency, and secondly to find home 
sources of nitrates. It may be said that the first problem was 
adequately solved, but tbe solution of the second was only in its 
nitial stage at the conclusion of the war. 

Manufacture of Nitric Acid. 

1. From SodMim Nitrate. 

The method we adopted for the manufacture of T.N.T. was a 
two-stage process, toluene being nitrated first to a degree inter- 
mediate between mononitrotoluene and dinitrotoluene, the product 
being thereafter fully nitrated to trinitrotoluene by the use of 
concentrated nitric acid and concentrated sulphuric add. The 
residual adds from the final process were employed in effecting 
the first nitration. The nitric acid used was made in the customary 
way from sodium nitrate and sulphuric add, and was collected at 
different strengths, according to the requirements of nitration. 
Thus at one period seven-tenths of the nitric acid was collected as 
W per cent., and three-tenths as 70 per cent., add; towards the 
end of the war nine-tenths was collected as 90 per cent, 
acid and one-tenth as 60 per cent. add. The concentration of 
sulphuric acid employed was generally 92 per owit., 2’6 tons of 
this acid being used for a charge of 2‘75 tons of crude sodium 
nitrate. The distillation occupied about fifteen hours, but was on 
occasion carried through in eight. The nitre cake from the stills 
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contained, on the average, 28 per cent, of potential sulphuric acid 
and only a trace of nitrate. The loss in manufacture was from 
0 to 6 per cent, 

[Slides of the plant employed were exhibited, and attention was 
directed to the valuable work of the Thermal Syndicate in supply- 
ing the silica condensing spirals and connexions, which greatly 
facilitated the manufacture.] 


2. From Ammonia, 


Catalytic oxidation of ammonia by Ostwald’s method was the 
most readily available process for the production of nitric acid and 
nitrates from home material. Of this process we had a brief and 
incomplete experience, owing to delay in its adoption on a manu- 
facturing scale. 

When ammonia is oxidised by air on the surface of a solid 
catalyst, such as platinum or ferric oxide, the following man 
reactions take place: 

I. 4 NII 5 + 3 O 2 - 2 N 2 + 6 H 2 O. 

II. 4 NH 3 + 5 O 2 - 4 NO + 6 H 2 O. 

[Experiments with a platinum wire catalyst were shown which 
illustrated the prevalence of one or the other reaction according 
to the proportion of ammonia and air taken.] The concsentration 
of ammonia in the ammonia-air mixture which gives the most 
favourable results with platinum lies between 10 and 12 per cent,, 
variations within this limit affecting the yield of nitric oxide but 
little. On a small scale, a yield of 97 per cent, of the theoretical 
quantity of nitric oxide was obtained. 


The source of ammonia which we employed was 25 per cent, 
purified ammonia liquor, from which the gas was liberated by 
steam in an ammonia still of the rectifier type. The ammonia 
gas was passed through a cooler, then through an iron oxide purifier 
to remove sulphur compounds, and was finally mixed with air, 
which was supplied by a blower and measured by passage through 
a meter. The amount of ammonia in the mixed gasee was regu- 
lated by the feed of ammonia liquor to the still. Thorough mix- 
ing was effected in a chamber provided with bafSe plates and the 
proportion of ainmonia in the mixture was checked by analysis as 
ncc^on requir . In order to protect the platinum catalyst from 
U ^ ^pwually from particles of iron rust which greatly, 

1Z2 a mixture before entering fc 

— r wes filtered through a box confining dag wool or glass 
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Xhe converter containing the catalyst was of the type suggested 
by the Munitions Inventions Department.* It consisted of a 
square aluminium box of 30 cm. side, built in sections, and con- 
nected by pyramidal adapters to aluminium tubes conveying the 
gases from beneath and leading them off above. Across this 
aluminium box was placed horizontally a screen of platinum wire 
gauze of 32 meshes to the cm., the diameter of the wire being 
0-06 mm. 

Trials were made with one, two, and three successive gauzes in 
close proximity to each other, but no definite conclusion as to the 
best arrangement had been drawn before stoppage of the opera- 
ions. The catalyst, activated by previous heating, was warmed 
it one spot by means of a flame. The heat produced by the 
latalytic oxidation at this spot gradually spread and raised the 
^mperature of the whole gauze until it reached 650^ to 700°, when 
t remained steady. The time taken by the gases to pass through 
)ne thickness of gauze was of the order of one- thousandth of a 
;econd, and the temperature of the gases passing from the con- 
,’erter was about 400°. The impurities in the by-product ammonia 
ised seemed to have little effect on the catalytic activity of the 
olatinum. 

The next operation was to convert the nitric oxide thus pro- 
duced into nitric acid by means of atmospheric oxygen and water : 
4NO + 3 O 2 -t- 2 H 2 O = 4 HNO 3 . 

Ike hot gases issuing from the converter were first passed through 
wide silica S-pipes cooled by a stream of water, and then through 
pipes of narki metal (iron-silicon alloy) completely immersed in 
water. The temperature was thereby reduced to about 30°, and 
tke gases passed into the oxidation and absorption towers, which 
were in principle the same as those used in the recovery of nitrous 
fumes, to be described in the next section. The first absorption 
towers were acid towers, and these converted the great proportion 
of the nitrous gases into nitric acid. The final towers were fed 
with milk of lime, which yielded the remaining oxidised nitrogen 
as a mixture of calcium nitrit-e and nitrate. This mixture was 
returned and fed, along with, water, to the first towers in order 
that the nitrite it contained might be converted into nitrate by 
means of the nitric acid formed in these towers, the nitrous fumes 
evolved passing further along the series and being subject to 
further oxidation. The nitric add ultimately collected from the 
towers was converted by neutralisation with milk of lime into 

* A description and figure of a smaller type may be found in a report of 
the Ministry of Munitions entitled "The Oxidation of Ammonia Applied to 
''itriol Chamber Plants,’* London, 1919. 

VOL. OXVU. P 
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calcium nitrate, which was finally concentrated to the required 
extent in evaporating pans. At the date of the armistice we had 
only passed out of the experimental stage and begun large-scale 
production, 30 tons in ail having been made. 


Recoveivv of Nitrous Fumes. 


The question of economy of nitric acid in the production of 
T.N.T. is largely dependent on the recovery of nitrogen contained 
in the waste acid of the nitrating process in a form suitable for 
its return to the process. The practical importance of the recovery 
may be estimated from the fallowing table, which exhibits the 
amount of nitric acid used for the production of 1 ton of T.N.T 
and illustrates the continued improvement of the recovery; 

June, 1917 (no recovery) i'27 tons 

December, 1917 1'19 „ 

June, 1918 

September, 1918 O' 955 


Without recovery, one third more acid was required per ton of 
manufactured product than with effective recovery. 

The first section of the recovery plant [which in the lecture was 
illustrated by numerous slides] consisted of denitratora, various 
types of which were tested, that finally adopted being on the prin- 
ciple of a rectifying still. Each denitrator was constructed of 
acid-resisting brick, was square in section, and was divided into 
SIX compartments by finely perforated earthenware plates (malt- 
ing tile.s), through each of which passed a wide overfiow pipe 
dipping into the acid of the section beneath. The waste add 
from the settling tanks was fed to the topmost section, and the 
denitration was effected by steam introduced into the lowest section 

perforations, and thus 

bubbled tirough the acid lying on the plates, heating and diluting 
It and depnving it of the nitric acid and nitrous compounds whid 
i» contained The acid as it accnmnlated on each plate flowed 
downwards throngh the wide overflow pipe. No air was used k 

1.ZTZ- > 5 .: 

recovered 2 tons of nitac acid per day. The average neromtare 

*>te denitrata 


Waste acid 
Benitrated acid 


Sulphuric 

acid. 

... 69'8 
... 66-3 


Inorgamc nitrogen, 
calculated as nitnc acid. 


the 


O'l (maximmn) 

.e ^ concentrators, and 

gasce from tie demtrators to sUica cooling spirals, which con- 
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leusetl the issuing steam and nitric acid to a dilute nitric acid 
olution, afterwards fed to the recovery towers. The cooled, un- 
jondensed nitrous gases passed into wide earthenware mains, in 
phich they were mixed with excess of air. The mixture was then 
ed into a large brickwork chamber to afford time for oxidation to 
,ake place. Thence the gases passed to a series of six recovery 
owers, 90 cm. in diameter and 5 m. high, packed with earthen- 
vare rings to secure proper distribution of liquid and gas. In 
sach tower the gas entered below and met the descending liquid. 
fhe solution withdrawn at the foot was raised by means of Pohle 
dr-lifts to a distributing vessel at a level above the top of the 
owers. From this the solution could be passed once more down 
he same tower, or on to the next tower of the series, in any 
)roportion3 that might be desired. 

This arrangement conferred a flexibility on the plant which was 
oimd useful. What strikes an academic chemist when he first 
:omes into contact with works plant is its rigidity. He is aocus- 
omed to adaptable glass and rubber, and meets with inflexible 
netal and earthenware. A plant is usually designed on the 
issumption that the process will always go right — an assumption 
)y no means well founded. Occasionally things go wrong, or a 
variation has to be made in the mode of working; then the rigidity 
)f the plant shows its undesirable features. Alternative con- 
lexions may often without difficulty be introduced to obviate this, 
iiid even glass and rubber may find suitable employment on a 
vorks scale. 

The series of towers was worked on the counter-current principle, 
he nearly exhausted gas coming into contact in the last tower of 
he series with dilute nitric acid from the denitrator condensers, 
-0 which water was added as required. The total free volume of 
he towers with their wide connecting pipes was about 28 cu. 
aetres, and the time occupied by the gas in passing through the 
cries was about five minutes.* Induced draught secured the 
•teady flow of gas through the system. Cooling the liquids (and 
^naequently the gases) as far as possible was of prime importance 
n the recovery, and this was largely effected in the air-lifts. The 
ssuing gas contained 8 to 10 per cent, of oxygen. The nitric 
wid solution obtained at the base of the first tower varied between 
)4 and 62 per cent., in accordance with the requirements of the 
htration process, to which it was returned. The recovery by 
ueans of this system of denitrators and towers was more than 

* Compare an article on “ The Theory of Absorption Towers for Nitric 
icid Manufacture/' by J. R. Partington and L. H. Parker U. Soc. Chem, Ind 
^ 919 , 88 , 75 ). 

V • 
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m per cent, of the inorganic nitrogen delivered to the denitrators 

in the waste acid. , , 

The following table shows the destination of the nitrogen supplied 
to the T.N-T, plant as sodium nitrate, the figures being for the 
month of September, 1918; 

Loss in nitiate bags, hantUing, etc. ... O-flS per cent. 

Loss in manufacture of nitric acid ... 5-42 „ „ 

Lossinnitration, washing, and packing... 9 91 „ 

Loss in denitration... „ ,, 

Total loss ... 18-34 per oent. 

SentoutinT.N.T. ,.. 81-66 „ 

100-00 per cent. 


We were <?reatly pleased to receive in November, 1918, com- 
munications from the Department of Explosives Supply stating 
that the figures in nitrogen economy during the two months of 
September and October constituted a record for the country, and 
asking us to congratulate the staff on the result, in which con- 
nexion I especially desire to mention the name of the Chief Chemist 
at Craig leith, Mr. Donald Grant. The figures quoted by no means 
exhausted the possibilities of economy, and it is certain that if the 
production had continued, an immediate further saving of at least 
2 per cent, would have been effected, the alterations on plant 
necessary to secure this being practically ready at the date of the 
armistice. 

If I may draw a moral for the academic chemist from our ex- 
perience, it is that he need not fear to enter chemical iiidustrv 


provided he has common sense, energy, a competent knowledge of 
his subject, and a willingness to co-operate with engineers and men 
of technical experience. These qualities suffice for any chemical 
routine manufacture, and if he is possessed, in addition, of far- 
sightedness and a spark of imagination, he may, I think, venture 
v..th c-uitidence on novel methods and new chemical industries. 


1 am, of course, only speaking of the manufacturing side of the 
problem ; the business side is of equal or greater importance. la 
Ldiiiburgh we had no commercial difficulties; our supplies and our 
market were alike assured. Business training and callaboratioa 
with business men is on the part of the directing chemist essential 
if the enterprise is to be a commercial success. 

There is, I think, at the moment a current, or perhaps an under- • 
current, of belief that with the establishment of research Isbora- 
tones in comie.xion with the various industries of this country all 
wi 1 neceseardy be well with those industries. This opinion I do 
no s are. esearc laboratories, although indispensable, are not 
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iu themselves sufficient to secure success in the chemical or any 
other manufacture. The admirable research laboratories of the 
German chemical works should, to my mind, be regarded rather as 
a noteworthy feature of the general excellence of German scientific 
business organisation than as the prime cause of success of the 
German chemical industry. 


XLVIIL — Influence of Position on the Boiling 
Points of Isomeric Benzene Derivatives. 

By Nevil Vincent Sidgwick. 

In a previous paper (Sidgwick, Spurrell, and Davies, T., 1915, 107. 
1202) it was shown that whilst the curves of solubility in water 
of the three cresols, and similarly (above tbeir triple points) those 
of the three toluio acids, lie very close together, the relations are 
quite different with the three nitrophenols, the ortho-compound 
being far less soluble than either of the other two, the solubilities 
of which are almost identical. It was suggested that this might 
be due to some intramolecular rearrangement taking place either 
in the ortho- or in the meta- and para-nitrophenols, so that they 
are not really all of the same type; since the behaviour of the 
cresols and the toluic acids showed that, where such rearrangement 
is impossible, or at least improbable, the influence of position on 
the solubility is very small. It was further pointed out that this 
abnormality of the nitrophenols extends also to the boiling point. 

I he ortho-compound boiling some 80° lower than the para-, whereas 
the normal difference in boiling point between position-isomerides 
does not exceed a few degrees. It is remarkable that it is *the 
more volatile compound which is the least soluble in water, although 
one would expect the reverse to be the case. 

It is obviously of interest to inquire how far this abnormality 
of behaviour, with respect to solubility and vapour pressure, 
extends, and especially to determine how its occurrence is related 
to the chemical nature of the substituent groups. As regards the 
solubility, the data afforded by the literature give comparatively 
tittle assistance; but the boiling points have been recorded for a 
lirge number of benzene derivatives, and tbeir examination lead? 
to results of some interest. 

In order to avoid error due to unconscious selection, all the 


'hoilin® 


points of di- and poly-derivatives of beiizeue given in the 
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last edition of Richter’s ^'Lexikon” were collected and classified 
according to the chemical nature of the substituents. Their use 
is considerably restricted by the absence of any agreement among 
chemists as to the pressure (other than atmosphenc) at which boil- 
ing points should be observed, and the impossibility of applying 
any temperature-correction amounting to more than a few degrees. 
Even 80 , there remain some 500 sets of isomerides the boiling points 
of which are recorded under comparable conditions. The numbers 
are, of course, liable to considerable errors; the temperatures are 
frequently uncorrected, often the isomerides have b^n examined 
by different observers at different times, and it is likely that in 
some few instances much larger errors may have been introduced 
bv the incorrect identification of the compounds investigatod. 

" In spite of these difficulties, the analysis of the data shows in a 
sufficiently striking manner that the differences in the boiling points 
of isomeric derivatives vary over a wide range, and that their 
magnitude is closely related to the chemical nature of the suh- 
stituent groups. 

The simplest wav of expressing the results is by means of the 
"greatest difference," that is, the largest difference in degree? 
between the boiling points (under the same pressure) of any twt 
of the three isomerides. Taking the substituents which are leas! 
likely to undergo rearrangement^ — the alkyl and alkylene groups- 
it is found that among the di -derivatives, out of fourteen examples 
the maximum value of the greatest differenco is and the mean 
7-6°, or, excluding two instances, the maximum is 13® and the mear 
5’8°. Among the tri-derivatives, we find : out of 7, maximum 18° 
mean 7'0® or, excluding one, maximum 11®, mean 5’2®. 

We may therefore assume that a change in the position of an 
alkyl group does not alter the boiling point by more than 10°, 
Tt^s enables us to extend the basis of our induction by includins 
those tri- derivatives in which one at least of the substituents is ar 
a.1kyl or alkvlene group, since the position of this group will havf 
little effect on the boiling point. 

The following tables are drawn up on this principle. In table 1 
the two substituents are given first, then the number of sets ol 
isomerides coming under this head, then the maximum and mear 
values of the " greatest differences " in boiling point. This is ther 
given for the tri-derivatives, it being understood that the thin 
substituent is always an alkyl group. When two sets of figure; 
are given under one heading, the second is arrived at by excluditi? 
one or two extreme values, as being probably due to experimenta 
error. In table II the results for the di- derivatives are summarised 
the mean values alone being quoted. In this table a class of com 
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pounds with two different substituents occurs twice, once under 
each of its two groups. 

The abbreviations meetly explain themselves. “Aik.’’ stands 
for an alkyl or alkylene group; “NHX ” for an amine group with 
one substituent other than an alkyl. 


Table I. 




Di -derivatives. 

Tri 'derivatives. 

Substituents. 

No. 

Max. 

Mean. 

No. 

Max. 

. Mean. 

Aik. : 

Aik 

14 

19° 

7'6° 

7 

18° 

7*0° 



12 

13 

5-8 

6 

11 

5*2 

Aik. ; 

Ester 

8 

22 

8-1 

3 

11 

5*0 



7 

10 

6-0 

— 

— 

— 

Aik. : 

Ether 

25 

23 

7-9 

6 

23 

11*5 



24 

11 

7-3 

4 

12 

60 

Aik. : 

Halogen 

12 

14 

6-3 

13 

11 

6*3 

Aik. : 

CH 

6 

ir> 

10-0 

4 

13 

9*2 

Aik. : 

CnHert'OH 

3 

7 

6-0 

2 

13 

9*0 

Aik. : 

SH 

1 

— 

2-0 

2 

5 

3*5 

Aik. : 

NH* 

6 

10 

5-2 

2 

14 

13*0 

Aik. ; 

OiiI1qti*1MH| 

3 

10 

4-0 

— 

— 

— 

Aik. : 

NHAlk 

4 

5 

3-4 

2 

14 

12*0 

Aik. : 

NHX 

7 

12 

9-3 

— 

— 

— 

Aik. : 

ON 

3 

14 

6-0 

2 

13 

9*5 

Aik. : 

CHO 

1 

— 

5-0 

1 

— 

10*0 

Aik. : 

OAcyl 

4 

9 

6-5 

2 

9 

8-5 

Total 

98 

23 

6-85 

4o 

23 

8*2 



94 

15 

6-3 

42 

14 

7*3 

Aik. : 

NO, 

3 

26 

20-3 

2 

48 

44-0 

Aik, : 

NAlk, 

2 

32 

270 

1 

— 

36*0 

Aik. : 

CO’Alk 

2 

19 

15-5 

6 

25 

12*0 

Aik. ; 

CO,H 

1 

— 

15-0 

1 

— 

8*0 

Aik. : 

CO-N(CH,), 

1 


37-0 

— 

— 

— 

Aryl : 

Halogen 

2 

14 

13*5 

~ 

— 


Aryl : 

OH 

1 

— 

33*0 

— 

— 

— 

Aryl ; 

NH, 

1 

— 

48*0 

— 

— 

— 

OAlk. 

: OAIk 

6 

17 

6-5 

3 

33 

14*7 



5 

9 

4*4 

2 

11 

•5*5 

OAIk. 

: Ester 

6 

25 

16-0 

4 

15 

90 

OAIk. 

r Halogen 

8 

13 

17-6 

1 

— 

320 

OAIk. 

: OH 

2 

39 

34*5 

5 

28 

15*8 

OAIk. 

: C«Hgn‘OH 

4 

15 

12*8 

1 

— 

7*0 

OAIk. 

:NH, 

3 

40 

33*0 

3 

30 

23*0 

OAIk. 

; CN 

2 

12 

6-0 

— 

— 

— 

OAIk. 

r CHO 

2 

18 

14*5 

4 

17 

9*5 

OAIk. 

: OAcyl 

2 

17 

U'O 

— 

— 

— 

OAIk. 

:NO, 

2 

19 

13*5 

2 

30 

19*7 

OAIk. 

: CO-Alk 

3 

18 

12*3 

5 

18 

8*2 

Ester 

: Ester 

2 

17 

9*0 







'Ester 

; Halogen 

4 

15 

7‘6 

— 

— 

— 

Ester 

; OH 

2 

66 

33*0 

2 ' 

69 

33-5 

Ester 

:NHj 

1 

— 

30*0 

— 

~ 


Halog 

en ; Halogen .. 

2 

17 

90 

4 

29 

14*0 


— 

— 

— 

•3 

12 

9*0 
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Substituente. 
Halogen : CHj'OH 

Halogen : OH 

Halogen : NH^ .... 
Halogen : NHAlk,., 
Halogen : NHAcyl 
Halogen : NAlkj . 

Halogen : NO 2 

Halogen ; CHO 

Halogen ; COCI 

Halogen ; CN 

OH ; OH 

OH : NO 2 

OH : CHO 

OH ; CO-CHj 

NHj : NH* 

NHj : NHAlk 

NH^ : NAlkj 

NHj : CO-Alk 

NH 2 ; CN 

NHAlk. : NHAlk. . 
NHAlk. ; NAlkj 

NAlkj : NAlkj 

NO* : NO* 

NO* : CO-Alk 

COCI : COCI 


Table I. {continued). 



Di derivatives. 

Tri 

-derivatives. 

No. 

Max. 

Mean. 

Na 

Max. 

Mean. 

1 



7-0 

— 

— 

— 

2 

44 

43-5 

2 

44 

42-0 

2 

26 

13-0 

2 

22 

19-5 

1 

— 

24*0 

— 

— 

— 

2 

30 

25-0 

— 

— 

— 

2 

27 

26-0 

— 

— 

— 

3 

7 

5-3 

2 

25 

19-0 

2 

10 

7-5 

— 

— 

— 

3 

24 

15-7 

— 

— 

— 

2 

27 

17-6 

— 

— 

— 

1 

_ 

34-0 

1 

_ 

36-0 

1 

— 

80'0 

— 

— 

— 

1 



43-0 

1 


200 


— 

— 

1 

— 

68-0 

1 


20-0 

1 



29-0 


27 

23-5 

2 

13 

115 

2 

.71 

330 

1 

— 

24-0 

1 

— 

47-0 

— 

— 

— 

1 

— 

240 

— 

— 

— 

J 



29-0 






1 

— 

15-0 


— 

— 

1 


700 

1 

- 

32‘0 

I 



19'0 







1 

— 

200 

— 

— 

— 

I 


230 

__ 





Summarising these results, we find that the compounds may be 
divided into three groups. 

I. Difference of Boiliwj Points less than 10°. — These may be 
called the normal compounds. They include the following sub- 
stituents: alkyl groups alone, or one or more alkyls with, an ester, 
alkyloxy-, alcohol, halogen, aldehyde, amino-, monoalkylamino-, or 
hydroxyl group ; also two alkyloxy- or one alkyloxy- and one 
halogen, two halogens, or one halogen with one ester or nitro or 
aldehyde or ketone group. 

II. Difference, 10 — 20°.- -This group includes alkyl + carboxyl or 
ketone, and alkyloxy- + alcohol, ester, aldehyde, ketone, or nitro-. 

III. Difference, 20— 80°.— Abnormal compounds. These are: 
alkyl -h dialkylamino-, dialkyl ami do-, or nitro-; alkyloxy- -t- amino- 
or hydroxyl ; halogen -f- alkylamino-, dialkylamino-, acylamino-, 
and hydroxyl; amino-esters and hydroxy-esters; all derivatives 
containing an ammo- or hydroxy-group with any substituent other 
than alkyl. 
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J th« abnormality of the hydroxy- and 

It is to be noticed tha wbich these groups 

amino-derivatives d^ not ex n j alcohols and benzyl- 

are atuched to a -d^eham ^ m^the -o 

amine compounds; ^ ^d, the analogous compounds 

an fdkyl group gives a „ . (diphenyl derivatives) are, 

with an ari/l group instead of an alkyU^ P J 
so far as they are known, highly a 

The general impr<*siou but rather 

property is not an additive one f Je Wo s 

that it depends ™ ‘ halogens and the nitro-group. 

r “h with themselves or one another give normal compound, 
ireas t coniunotiou with other groups, especially in amines or 
nhenols, they cause great abnormality. 

When we come to the order of the boihng pointo of the ortho-, 
meta- and para-compounds, it is clear that the discussion of the 
normal compounds, where the differences are ^all, 
more exact than many of those on which the foregoing ^les 
based. Among the abnormal compounds, on the other hand, the 
differences are large enough for trustworthy conclusions to be drawn 
from them. The general conclusion is that in the abnormal group 
the ortho- have by far the lowest boiling points, and the meta- md 
para- do not differ greatly, but the meta- nearly always have rather 
lower boiling points than the para-. This relation is supported, so 
far as concerns the phenol derivatives, by the solubilities m water, 
where the meta- and para- in all instances hitherto examined give 
very similar curves, whilst that of the ortho- is quite different. It 
is particularly remarkable that the ortho-compound, with the 
highest vapour pressure, is the least soluble in water. 

There are, however, some exceptions to these rules as to the boit 
ingpoinU* C0C1:C0C1, b, p. 28P, W-, 276°, 259° This 

is Entirely anomalous. The high boiling point of the ortho-com- 
pound may be due to the substance having the ring formula, as 
has already been suggested on chemical grounds; but, if so, the 
equally high boiling point of the met a- derivative would seem to 
point to a ring structure for this as well; also in the compounds 
Br:CN and ]SI0o:N02 the ortho- compound has a much higher 
boiling point than the other two. 

Comparing the meta- and para-isomerides, we find that the para- 
has the higher boiling point in all but twelve cases. Excluding one 
of these, in which the difference is only 1° and may be due to 
experimental error, all the other eleven without exception contain 
one or two amino- or substituted amino-groups (CH 3 :NMe 2 ) 


• These compounds- are conveniently described by means of the two 
substituents alone. 
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CHgiNEtg, CHj’OiNHa, Cl:NM^, NMe 2 :NMe^, and NHg with 
KHo, NHMe, NHEt, NM^, and NEt 2 ). This indicates some 
constitutional peculiarity which needs explanation. 

The measurements given in the following paper of the vapour 
pressures of substituted benzoic acids at 100"^ enable the com 
elusions to be extended to these classes of compounds. It will be 
,eea that the vapour pressures of the toluio acids, which are slightly 
abnormal, having a difference of boiling point of 15-5°, vary in the 
ratio of 4-5:1. The chlorobenzoic acids have abont the same ratio, 
[n the nitrobenzoic acids the difference is distinctly larger (20:1), 
and in the hydroxybenzoic and hydroxytoluic acids it is enormous 
(1300:1 and 300:1). It thus appears that whilst the compounds 
C'H:C02H and ChCO^H are almost normal, NO<,:CO.,H is 
markedly abnormal, and OH: CO JL more so than any other com- 
pound yet examined. It will also be noticed that in these last 
two groups the ortho-compound is always the most, and the para- 
the least, volatile. 


Summary. 

With regard to the influence of position on the boiling point, the 
rienvat.ves of benzene may be divided into two classes, namely, 
normal and abnormal. 

(1) The normal derivatives are those in which the influence is 
jinall, the difference of boiling point seldom exceeding 10° for any 
set of isomerides. In this class the substituents are, as a rule, of 
an unchangeable type, such as alkyl (not aryl), or alkyloxy- ' or 
ester groups. When all but one of the substituents are alkyl 
•roups, the compound is almost always normal, 
p) Abnormal derivatives are those in which the boiling points 
differ by more than 10°, usually from 20° to 80°, the boiling points 
of the meta- and para- being near to one another, whilst that of 
t e ortho- is much lower. In these compounds the substituents 
»re of a reactive character. If a substance contains two reactive 
groups and, say, an alkyl, a change in the relative positions of the 
two reactive groups has a large effect on the boiling point but a 
:tiwge in the position of the alkyl has onlv a small one 
Th®e relations extend to the solubilities'.,, water, so far as they 
a'6 been observed. Normal compounds show similar solubilities- 
« abnormal compounds, the solubilities are very different, and 
en oie of the substituents is a hydroxyl, the orlliocompound (in 
P 6 of Its higher vapour pressure) is far less soluble in water than 
•fc me a. and para-, the solubilities of which, like their boiling 
he close together. ^ 

OKfiAXic Chemistry LABOBATORy, 

OxPOBD. {RGctivfdr Jdnuary \m, 1920.] 
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SIDGWICK : VOLATILITY IN STEAM : 


XLIX — Volatility in Stfam: Benzoic Acid arid it 
Derivatives. 

By Kevil Vincent Sidgwick. 

Considering the technical importance of steam distillation, it « 
remarkable that it has been the subject of comparatively few scien 
tific investigations. The volatility or otherwise of an organic sub- 
stance in steam is one of the most familiar properties in organic 
chemistry, but only in a small number of instances (see Naumann 
Ber., 1877, 10, 1421, 1819, 2014, 2099; Naumann and Muller, Ber, 
1901, 34, 224; Ryland, Amer. Chem. 1899, 22, 384; Charabot 
and Rocherolles, Bull, Soc. chim., 1904, [iii], 34, 533; Richmond 
Anal'^nt, 1908, 33, 209, 305; 1917 , 42, 125, 133; Stein, J. p, 
Chtvfi., 1913, [ii], 88, 83) have any attempts been made to 
determine it quantitatively. 

Partly on account of the general interest of this property, and 
])artly with the view of extending the data given in the preceding 
paper as to the influence of position on volatility to substances 
which decompose below their boiling points, I have been led to 
examine this subject, and in this paper an apparatus is described 
by which the volatility in steam of a substance from its saturated 
aqueous solution can readily be determined with an accuracy of 
1 or 2 per cent, with quite a small quantity of material, and fclie 
results obtained with benzoic acid and a series of its derivatives 
are discussed. 

In the distillate obtained under these conditions, the weights of 
the components are in the ratio of the products of their molecular 

2 T ' ’’r f »' 

tho 2 1 temperature of the distillation, where 

the total pressure is one atmosphere. 

If “7 two vapour-pressure curves are compared it will nrsc- 

su^L'drie te poi’nte of the to 
of the pressures Ippr^U ‘he temperature rises the raft 

ratio at 0^ is 40-4 aud at 80° is 8-37 2 ben 

r I'lr ' 

approrimately given b/'the ' 

a, d B 
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where p is the vapour pressure at the absolute temperature T, and 
4 and B are oonstante depending on the substance. For water in 
the neighbourhood of 100°, A=8-66 and 5 = 2156. For organic 
aubstances boiling above 100°, A varies within rather narrow limits, 
lying nearly always between 7-5 and 10, and usually between 8 
and 9. The result is thtft if logy> is plotted against IjT for any 
number of substances, a series of straight lines is obtained radiating 
from points on the \ogp axis (where l/7'=0, and hence \ogp~A) 
which lie close together ; that is, the lines all approach one another 
as the temperature rises. The distance between any two lines on 
this diagram, however, is equal to the difference of logarithms of 
the pressures of the two substances, that is, is the logarithm of the 
ratio of their vapour pressures. Hence, as the temperature rises, 
the value of \og{p^lp^ approaches zero, and the ratio p^jp^ 
approaches unity.* It follows that in the process of steam distilla- 
tion, where the object is always to get the maximum proportion of 
a substanw of higher boiling point than water in the distillate, the 
B&ciency is greater the higher the temperature or the greater the 
ressure at which the distillation is carried out. This fact has 
©en recognised in technical practice, although the reason has not 
ifcherto been stated. 


If the substance is perceptibly soluble, it will lower the vapour 
ressure of the water; the distillation will take place at a higher 
imperature, and the proportion of the substance in the distillate 
ill be increased. With most of the substances dealt with in this 
aper, the influence of this factor is small; it is also easily allowed 
)r if the temperature of the liquid is known. In dealing with the 
ffect of solubility on the partial pressure of the other component, 
tie substance i, two cases have to be distinguished, that in which 
i IS solid and that in which it forms a second liqnid layer. If the 
ibstance is solid, its partial pressure in the vapour from the 
iturated solution is equal to the vapour of the solid substance at 
tie temperature of the distillation. This method, in fact, offers 
tie simplest means of measuring the vapour pressure of a solid at 
00 down to values of the order of a thousandth of a mm. (or 
ven lower if sufficiently accurate analytical methods are available), 
or the purpose of comparison, however, it is more important to 
now the vapour pressure in the liquid than in the solid state. As 
pointed out in discussing the solubilities of the toluic adds 
■. 1915, 107, 1209), the regularities observed in liquid-liquid 
r^tems disappear when the solid phase is formed, owing, no doubt, 


fiarabot and RocheroIIes {he. cit.) laid down the rule that the rati. 
LT in the distillate always approaches unity as 

P ra ure nses ; but this is obviously not always trud 
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to the eSect of the orystallogrApto Jorc^, 

shown in the wide divergences in g P than 

substance.. The P— and the 

that of the trem the melting 

.» » i.rr r; 

L”.:. A— 4 w»- ‘ 

the raoleoular heat of fusion in calories, then 

2 -;i 026 iog = ^[j. ' tJ’ 

of the influence of this factor, we may tab 

f i - n 177=^) Its heat of fusion IS not exactly known, 

L“ ." »r.L. J w „ a. 0.^.. .1 ™ r- =»■ 

molecule. At 100° we have 

» 5000 / 1 _ 1 \ 

2-3026 log = j.ggj (^373 " fgoj 

whence log /i;>' -0-5019 and Wp' = S'1^- The ohservrf vapour 
pressure of the solid add at 100° is 0-216 mm. It follows fta 
[hat of the liquid at 100° would be 0-216 x 3-17 = 0-685 jhiA 
IS very near to tbe values for the orthie (0-970) and meta- (0-60(1 
acids, which are liquid under water at 100°. These calculation! 
are not worth discussing in more detail until the heats of fusion ol 
the acids in question have been measured with greater accuracy, 


which is now being done. 

When the substance forms a second liquid layer, the vapour 
pressure which is being measured is the partial pressure of the 
substance in the vapour in equilibrium with either of the tw^ 
liquid phases (since the same vapour must be in equilibrmm with 
Iwth). If we consider the phase richer in A, it is obvious that 
p, will be lowered by the presence of dissolved water. It will be 
less than the vapour pressure of pure liquid A , and also less than 
that of solid .1. It is dif&cult to calculate how much it is 
diminished, because binary liquids in the neighbourhood of the 
point at which they separate into two liquid layers depart widely 
from the simple solution laws. It may, however, be pointed out 
that in the-' case, for example, of m-toluic acid (m. p. HO'^ • 
triple point with water 91 ’8°), the liquid at the triple point, wheie 
the partial pressure of the acid in the vapour is equal to the vapour 
of the solid acid, contains 44*2 molecules per cent, of water, whilst 
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at. 100° the acid layer contains 49’8 molecules per cent. Assuming 
the vapour-pressure law, we should expect the extra 5'6 molecules 
per cent, of water to lower the vapour pressure of the acid by the 
same percentage, or less if the acid is associated in the liquid to a 
smaller degree than the water, and this may be taken as giving a 
rough idea of the magnitude of the effect. Young (" Fractional 
Distillation/' 1903, p. 92) found that at atmospheric pressure the 
amount of aniline in the distillate from a mixture of aniline and 
water was 14 per cent, less than that calculated from the vapour 
pressures of the pure components, and at this temperature the 
aniline dissolves about 35 molecules per cent, of water. With 
benzoic acid the vapour pressure of the pure liquid has been 
measured by Kahlbaum (Zeitsch. physikal. Chem., 1898, 26, 603) 
down to 132'5°. where it is 10 mm. By extrapolation, using the 
logarithmic formula, it is found to be 1'67 mm. at 100°. Its heat 
of fusion is 4830 cals. (Ci amici an and Garelli, Zeitsch. physikal. 
Chem., 1896, 18. 54), and its melting point 122*7°. Hence the 
vapour pressure of the solid acid at 100° is 1*15 mm. As the 
triple point is only 5° lower, we should not expect the partial 
pressure of the acid in the vapour at 100° to be much lower than 
that of the solid acid at the same temperature. It was actually 
found by the steam distillation method to be 1-129 mm., a difference 
of only 2 per cent. 


Experimental. 

A series of preliminary experiments with a pure sample of 
benzoic acid showed that the steam became saturated with the acid 
when it had passed through two small flasks containing a mixture 
of the acid and water, but that it was essential to avoid recon- 
densation of the vapour after it had left the liquid, as this always 
gave low results, owing no doubt to the fact that the volatility is 
less at lower temperatures. The form of apparatus Anally adopted 
was as follows. The add was contained in two 120 c.c. flasks with 
short, wide necks. Steam from a boiler was passed through a trap 
to catch water-drops, and was led to the bottom of the first flask 
and thence by a short bent tube to the bottom of the second. 
Prom this it passed through a Kjeldahl trap to the condenser. 
The cork of the second flask carried a thermometer graduated in 
fifths of a degree, with its bulb reaching nearly to the bottom of 
the flask. The flasks were immersed up to their necks in a glycerol- 
bath, which was kept a few degrees above the temperature of the 
flistillation, and the whole of the apparatus above the glycerol 
was carefully lagged — the tube from the steam-trap to the first 
flask and that connecting the two flasks being wrapped in felt, and 
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the Kjeldahl-trap surrounded by a jacket moulded on to it iron 
asbestos millboard and dried. This was cut two halve* so 
that it could be removed for cleaning the trap. The ainount of 
add in each flask was from 3 to 20 grams (according to the solu- 
bility), and the steam was passed at a rate of 2^ gr^s per 
minute. With this apparatus it was found that, although the first 
fraction of the distillate gave a low value, subsequent fractions 
were of constant composition, as is shown by the following two 
experiments (the successive fractions were from 70 to 150 c.c. each; 
the numbers give the percentage of acid in the distillate): 
Expt. I: 0-90, 1-004, 0-994, 0-980, 0-984. Expt. II: 0-89, 1-004, 
0-981, 1-000, 1-018. 

The results obtained on any one day were found to ^©e better 
among themselves than the means of different days did with one 
another. This was traced to changes in the barometric pressure. 
From Kahlbaum’s measurements (loc. dt.) of the vapour pressure 
of benzoic acid, the ratio of iU vapour pressure to that of 
water can be calculated at a series of temperatures in the neigh- 
bourhood of 100°. It is found that E .increases for 1° rise of 
temperature by 2*76 per cent., or, since an increase of pressure of 
27 '4 mm, raises the bailing point of water by 1°, 1 mm. rise of the 
barometer will increase the proportion of acid in the distillate by 
0-101 per cent, of its value, which is quite an appreciable amount, 
The following table shows the results obtained when this correc- 
tion is applied. The four experiments were carried out on 
different days. The value given for the percentage of acid in the 
distillate is in each case the mean of the titrations of from three 
to six different fractions. The numbers under '‘correction” are 
the amounts which must be added to give the true composition of 
the distillate under 760 mm. pressure. 


Weight - 

percentage of acid Corrected 

Expt. Pressure. in distillate. Correction. percentage. 

D.... 745-0 0-987 +0-016 1-002 

E 7.50-2 0-991 +0-010 1-001 

F 750-2 0-999 +0-010 1-009 

Ct 755-5 1-006 +0-004 1-010 


Mean 1-006 

To prove that the vapour was saturated with acid, the distillation 
was repeated under the same conditions, except that the steam was 
not generated from water alone, but from a mixture of 800 c.c. 
of water and 80 grams of pure benzoic acid. In this way, satura. 
tion must be attained. It was difiScult to secure a steady flow of 
steam, as the two layers in the flask made the liquid boil irregularly, 
and this might be .expected to give a slightly low value, as any 
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internipfcion of the distillation leads to some re-condensation of the 
vapour. The mean value so obtained was 0-984 per cent, at 
750‘4 mm., corresponding with O’ 994 at 760 mm. This is 1-2 per 
oent. below the mean of the other four experiments, which are 
doubtless more trustworthy, for the reason mentioned, but it is 
enough to show that the apparatus secures complete equilibrium 
betwe^ the solution and the vapour. 

With the other acids examined, the measurements were made in 
less detail, and only the final means are quoted; these are always 
the means of the concordant titrations of at least three diflferent 
fractions of distillate. The accuracy naturally varies with the 
nature of the acid. When this melts under water below 100*^ there 
is little difficulty. When it remains solid, it is not easy to remove 
it completely from the condenser, although this can generally be 
done by running out the water. It may be assumed that the mean 
results are within 2 or 3 per cent, of the truth in all cases, except 
where (as with p-hydroxybenzoic acid) the amount of add in the 
distillate is too small for accurate titration. 

The adds used were in moat instances laboratory spedmens 
purified by recrystallisation. I am greatly indebted to Miss E. 
Ewbank for her kind assistance in the preparation of some of these 
acids and in the purification of others. 

The preparation and behaviour of the individual adds may be 
briefly described as follows. (Adds marked with an asterisk are 
liquid under water at 100°.) The solubility data, where no other 
reference is given, are derived partly from unpublished measure- 
ments made by Miss Ewbank in this laboratory and partly from 
the work of Plasohner and Rankin (Sitzungaher. K, Ahad,. Wigs. 
Wien., 1909, 118 , II6, 695). The solubilities are expressed in 
grams of add in 100 grams of solution. 

*Benzoic Acid . — A spedally pure sample free from chlorine: 
purified by recrystallisation. M. p. 122-7°. Triple point with 
water, 95°. Solubility in water at 100°, 8'0 per cent. (Alexeev, 
inn. Phys. Chem-., 1888, [iii], 28 , 305.) 

*Phemjlacetic Acid . — -Pure laboratory spedmen. M. p. 76'7°. 
Triple point, 46*5°. Solubility at 100°, 1T2 per oent, 

*B-Phenylpropionic Acid . — RecrystalHsed from light petroleum. 
M. p, 48'6°. Triple point, 34-0°. Solubility at 100°, 3’5 per cent. 

Tohde Acids.f — Recrystallised from water. 


M. p. Triple point. Solubility. 

'Ortho 1024® 93-5® 2^97 per cent. 

*Heta 110-6 91-8 1-98 

Para 178-8 (U2-0) M6 


t Solubility data; Sidgwick, Spurrell and Davies, T,, 1915, 107 , 1207. 
I take this opportunity of expressing my regret that when this paper was 
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H,droxvhcmo.c . 4 ci<i..-Recryrtanis«l from water until thrir 
Jting /oL and solubilities in water were not -‘^er cha„H. 
All thL arid? remain solid. The value given in the teble for the 
Volatility of the para-acid is only approx.ma.te. One drop of 
.V/lOalLli was more than sufficient to 7^ '( 

100 C.C. of distillate, and as the acid cannot be sharply titrated, it 

did not seem worth while to use A/lOO-alkali. 

Solubiiitv at 
M. p. 100°. 

159 - 0 ^ 6-45 per cent. • 

201-3 36*9 

2130 33-5 

I/yMold. "icds^-ne acids CH,:CO,H .OH = 1 .3:2. 
1 ;4l3, and 1 :3;4 were obtained from the technical cresotic acids 
by distillation in steam and recrystallisation. The 1 : 3 : 6-^id was 
boiled with animal charcoal and recrystallised from alcohol and 
water. The 1:4: 2-acid was prepared by the sulphonation of 


Ortho . 
Meta . 
Para 


Meldrum, T.. 1908, 
tion from water. 

93 , 1419). 

It was purified by recrystallisa- 

Solubility at 

COaHrOHfCH,.*' 

Mp. 

Triple point. 

100°. 

1:2:3 

167-0° 

(129-0°) 

1*16 per cent. 

1:2:4 

177-8 

(131-0) 

0*94 

1:2:5 

152-5 

(107*8) 

2-15 

1:3:4 

172-4 

— 

4*3B 

1:4:3 

207 0 

— 

5*25 ,, 


.Vifrohenzoi-c Acu/s.—The ortho-acid was purified through the 
barium salt (Holleman, Rrc. frav. chim., 1898, 17 , 247). The 
behaviour of this acid was quite peculiar. It gives with water an 
unbroken solubility curve up to its melting point without a two- 
liquid portion. This curve, like that of salicylic acid, is very flat 
in the middle, that is, the solubility increases very greatly for a 
small rise of temperature. For example, at 78° it is 20 per cent, 
and at 82° it is 70 per cent. In the distillation, it was found 
impossible to get the acid to remain solid in the presence of steam, 
It melted at once, forming a homogeneous liquid. Its temperature 
varied with that of the glycerol-bath, remaining some 8 — 12° below 
it. Finally, a series of fractions were taken at 117° (bath, 
123 — 126°), which gave concordant titrations. 

The most probable explanation of this behaviour (which was not 
observed with any other acid) is that the vapour-pressure curve of 


published we were unaware of the paper by Flaschner and Rankin quoted 
above, in which the solubilities ot the toluic acids in water are given. Our 
results are in substantial agreement with theirs. 

The substituents ^ai-e arranged in the order of tlieir influence on the 
volatility. 
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the saturated solution (which, with any substance giving an un- 
broken solubility curve must rise mth the temperature to a maxi- 
ninm and then fall to the vapour pressure of the pure substance at 
its melting point) never attains the value of one atmosphere. If 
so the solution which the acid forms in contact with steam at one 
atmosphere, since it must have a vapour pressure of 760 mm., must 
be somewhat unsaturated, and both the composition of this solution 
and the partial pressure of the acid will vary with the temperature. 

The metar and para-acids were purified by recrystallisation. 


Solubility at 

M, p. Triple point. 100°. 

Ortho 146-8° — 92-8 (at 117°) 

*Meta 141-4 76-8° 10-5 

Para 242-4 — 0-29 


Ohlorohenzoic Acids . — The ortho- and para-acids were prepared 
from the corresponding toluidines by Sandmeyer’s reaction and 
purified by recrystallisation. The meta-acid was recrystallised from 


benzene. 

Solubility at 

M. p. Triple point. 100°. 

Ortho 14011° (104-8°) 4 02 per cent. 

Meta 154-5 (123-8) 0-5 

Para 241-5 — 0-11 


Determination of Temperature . — This was somewhat inaccurate, 
owing te the uncertain correction for the emergent stem, which was 
determined by conducting a distillation with nothing but water in 
the bulbs and varying the temperature of the bath. In the actual 
distillation of the acids, the thermometer readings remained steady 
ill nearly every case to about O' 04°, but with most acids the eleva- 
tion of the boiling point is so small that the readings are of no 
great value; they are therefore only quotetl when they amount to 
0‘1° or more. 

The results are collected in the following table. The first column 
gives the name of the acid; the second (jlt') the elevation of the 
temperature above 100° (reduced to 760 mm.); the third the per- 
centage by weight of the acid in the distillate; the fourth the 
partial pressure of the acid in hundredths of a ram. The latter is 
calculated from the formula 

Wt. of acid 760 x 18 
Wt. of water ^ M 

where M is the molecular weight of the acid. The fifth column 
gives the solubility (in grams per 100 grams of solution) of the 
acid in water at the temperature of the distillation. The sixth 
gives the partition- coefficient of the acid between the vapour and 
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the liquid, that is, the concentration in the vapour divided by that 
in the saturated solution. The last two columns give the values of 
the vapour pressures and the partition- coefficients referred to those 
of the par a- acid (or with the first three acids to those of benzoic 
acid) as unity. 


cmd Boiling Fovnt, 

To bring these resnlta into line with the data tabulated in the 
preceding paper, it would be necessary to calculate the boiling 
points of the acids from their vapour pressures at 100°, This can 
be done if we assume a value for either of the two constants A and 
B of the vapour-pressure formula. Such an assumption, however, 
is scarcely justified ; where the vapour pressures are abnormal we 
may expect these constants to be abnormal also, but experience 
shows that heats of evaporation do not vary very widely, and hence 
a large difference in the vapour pressure at 100° may be taken to 
involve a large difference in boiling point. 

It is more satisfactory to take as the basis of comparison the 
ratio of the vapour pressures of the isomerides at 100°. These 
values can be obtained by interpolation for those derivatives the 
vapour-pressure curves of which have been measured over a suit- 
able range of temperature, and the ratios compared with those 
given by the substituted benzoic acids. The following table is 
constructed in this way. The values are relative, that for the 
para- (or, where that is missing, the meta-) isomeride being taken 
as unity. The last column gives the greatest difference in boiling 



Relative 

vapour pressure at 100°. 

Greatest 

differ- 

Substituents. 

Ortho. 

Meta. 

Para, 

1 

ence in 

CH, : CH, 

0-788 

0-862 

5-6° 

*0il| ; Cl ’ 

1-097 

0-896 

1 

3-0 



1-037 

0-870 

1 

3-6 

'CH| ; OH 

1-722 

1-026 

1 

11-0 

'CHjrNOj 

1-653 


1 

17-3 

'ClrNHj 

2-277 

1-0 


19-7 

CHg : CO,H 

4-49 

2-81 

1 

15-6 

Cl : COjH 

4-01 

4-38 

1 


NOg : COgH 

20-9 

7*3 

1 

1 


OH: 00^ 

13 20-0 

5-0 



ri : 2:3 
326-0 




CO.^ : OH : CH, J 

1 1:2:4 

1:3:4 

1 : 4:3 

_ 


1 168-0 

24-4 

1 



1:2:5 

1 253-0 





^ Woringer, Zeit^ch. physikal. Chem.. 1900, 34. 262, 
* Feitler, ibid., 1889, 4, 71. 

® Kahlbaum, ibid., 1898, 603. 
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point at 760 mm. The first tliree series Aow the behwionr of 
normal compounds, in the sense in which this te™ is n^ m the 
pZling paper; the cresols are slightly, and the last two senes 
I^ctly abLrmal. Of the acids dealt with in the present paper, 

the boiling points of the toluic acids only , 

The vapmir-preseure curves from which the data for the first 
six series are obtained are all, of course those of The 

differences among the acids might no doubt be somewhat r^uced 
if they were compared in the liquid slate, account being taken of 
the difference of vapour pressure of solid and liquid at tempera- 
tures some way below the melting points; as we have swn, the ratio 
far the toluic acids is reduced in this way to 1'6. The extreme 
abnormality of the hydroxy derivatives is very marked. 

OiuuNin Chemistry Laboratory, 

Oytord [f^ece^yed, January 15th, 1920.] 


Jj — OhscTVdtions on Somo Ovganic (Jonvpounds of 
Arsenic. 

By Alex. McKenzie and John Kehfoot W.ood. 

The following is an account of part of the work carried out in 
Dundee during 1918 in connexion with the Chemical Warfare 
Department of the Ministry of Munitions. It is published with 
the consent of the General Staff of the War Office. 


E t h oxydichloroarsine . 

When molecular quantities of sodium ethoxide and arsenic tri- 
chloride were employed, the action could be regulated so as to 
proceed according to the equation 

NaOEtq- AsCla-NaCI + EtO'AsCls. 

A solution of 15 grams of sodium (1 atom) in 300 c.c. of ethyl 
alcohol was gradually added, within an interval cj two and a-half 
hours, to 118 grams of commercial arsenic trichloride (1 mol.). 
The mixture was kept cool by immersion in cold water, and was 
shaken after each addition of the ethoxide. The product was then 
heated for one hour longer, the sodium chloride separated, and the 
excess of alcohol removed. 

Ethoxydichloroarsine, EtO'AsClg, is a colourless liquid which 
boils at 145 — 146*^/751 mm., whereas arsenic trichloride, according 



407 


SOME OEGANIC^COMPOUNDS OP AESENIO. 

to Thorpe, boils at 130' 2^/ 760 mm. The yield amounted to 
70 grams, which is 59 per cent, of the theoretical. 

Found: As = 39‘04. 01:^37-2. 

C2H5OCI2A8 requires A3 = 39’27- Cl -37-1 per cent. 
Ethoxydichloroarsine fumes on exposure to air. When poured 
into cold water, a copious precipitate of arsenious oxide is 
immediately formed. 


Diethoxy chloroa/rsme. 

It is also possible to regulate the action of sodium ethoxide on 
arsenic trichloride, so that two ethoxy-groups are introduced into 
the molecule of the latter. 

A solution of 30 grams of sodium (2 atoms) in 600 c.c. of ethyl 
alcohol was added slowly to 118 grams of arsenic trichloride 
(1 mol.). The addition of the ethoxide lasted two and a-half 
hours. After twenty-four hours at the ordinary temperature, the 
mixture was heated for one hour, the sodium chloride separated, 
and the eoccess of alcohol removed. The residual liquid was 
distilled under diminished pressure. 

Diethoxychloroarsine, (OEt)2AsCl, is a colourless liquid, which 
boils at 64— 65°/ 20 mm, and at 159 — 160°/ 760 mm. 

The yield was 90 grams, which is 69 per cent, of the theoretical. 

Found: As -37-6. Ci-17*3. 

C4H^g02ClAs requires As — 37‘4; Cl — 17-7 per cent. 

The behaviour towards water is similar to that of ethoxydi- 
hloroarsine. 


Ethyldichlor oar sine . 

Ethyldichloroarsine was obtained by La Coste {Annalen^ 1881, 
108, 33) by the action of arsenic trichloride on mercury diethyl : 
ASCI3 + HgEt2 - AsEtClg -1- IlgEtCl . 

This method was obviously unsuitable for the preparation in 
[uantity of this compound. The following method gave a satis- 
actory result. 

Auger ifJom'pt. rend,, 1903, 137 , 925) having shown that 
ulphur dioxide reduces sodium methylarsinate to methylarsenious 
>xide, the reduction of magnesium ethylarsinate (Dehn, Amev. 
''km. J., 1905, 33 , 132) was conducted in the following manner. 
Tiirty-four grams of the salt were added to 250 c.c. of water, 
10 grains of iodine added, and a current of sulphur dioxide was 
passed into the solution for four and a^half hours. The clear solu- 
tiou gradually became turbid, owing to the separation of a canary- 
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removal of the bulk of the alcohol, the residual liquid (1300 c a) 
was acidified with concentrated hydrochloric amd, 
removed, and a current of sulphur dioxide passed mto the filtrate^ 
The colour of the iodine quickly disappeared, and the yellow ethyl 
di-iodoarsine began to separate as an oil. The sulphur dioxide 
was passed for about three and a-half hours, 330 o.u of concen- 
trated hydrochloric acid being added at intervals. The oil was 
separated from the Uquid. In this case there was no solid pr^ent, 
but in other preparations, where the original concentration of the 
mixture resulting from Meyer's reaction had been carried further 
than in the present case, a mixture of solid and oil resulted. It 
is convenient to adjust the concentration so that only oil separates, 
From the yellow, aqueous liquid a small additional amount of oil 
was obtained by the further addition of hydrochloric acid and 
sulphur dioxide. The yield of ethyldi-iod oar sine was 272 grama. 

For the conversion of this quantity of ethyldi-iodoarsine into 


ethylarsenious oxide, the oil was dissolved in 750 c.o. of benzene 
and a mixture of 60 grams of calcium chloride and 192 grams of 
anhydrous sodium carbonate added. After the mixture had been 
heated on the water-bath for two hours, the yellow colour dis- 
appeared. The solution was poured off, and the residual solid 
extracted with benzene. The benzene was distilled from the solu- 
tion, and the resulting oil heated until its temperature was about 
120°'. The yield of ethylarsenious oxide was 100 grams. 

For the conversion of the oxide into ethyldichloroarsine accord- 
ing to the equation 

EtAsO + 2HC1 = EtAsCl 2 -h H^O, 

100 grams were placed in a separating funnel, and 25 o.c. of con- 
centraW hydrochloric acid were added. The funnel was then' 
surrounded with cold water, and a current of hydrogen chloride 
passed through the oil for about three hours, the completion of 
the reaction being shown by the escape of hydrogen chloride hy 



SOME ORGANIC COMPOUNDS OF ARSENIC. 


409 


the exit tube. The oil was separated, dried with calcium chloride, 
freed as far as possible from hydrogen chloride by means of a 
current of carbon dioxide, and distilled. Twenty-nine grams of a 
fraction of lower boiling point, containing a considerable propor- 
tion of ethyldichloroarsine, were first collected. The product boil- 
ing between 150® and 155° amounted to 101 grams. The com- 
pound can be obtained quite pure by fractionating further. 

In connexion with the preparation of ethyldichloroarsine in 
quantity, the following points which emerge from the preceding 
description are worthy of notice: (1) Sodium hydroxide may be 
used in place of the more expensive potassium hydroxide in Meyer’s 
reaction, (2) The separation of magnesium ethyl ar sin ate is un- 
necessary. (3) The sodium iodide formed in the first reaction is 
utilised, and no further addition of the expensive potassium iodide 
is required, as is the case if the magnesium salt is first isolated and 
;hen reduced. (4) There is a considerable saving of time. 


The following are 

the details of the 

yields in several of the 

preparations : 



Ethyl 

Ethylarsenious 


iodide. 

oxide. 

Ethyldichloroarsine. 

Grams. 

Grams. 

Grams. 

250 

100 

101 


85 

87 


92 

89 


93 

99 


95 

97 


100 

107 


99 



111 



100 



03 


500 

178 



The yield of ethyldichloroarsine is really better than is repre- 
eiited above, since a fair quantity can be recovered from the 
istillates of lower boiling point on fractionation. The yield of 
ihylarsenious oxide is more than 50 per cent., calculating on the 
thyl iodide initially used; the yield calculated from the ethyl 
idide actually entering into reaction is very much greater, since a 
onsiderable quantity of ethyl iodide can be recovered. The yield 
f ethyldichloroarsine from ethylarsenious oxide is more than 
H per cent, of the theoretical. 

It was thus clear that the yield would probably be improved by 
levating the temperature at which the first stage (Meyer’s reac- 
took place. Experiments were begun to substitiitc ethyl 
liloride for the more ex])ensive ethyl iodide, but the work was 
^^P])ed at this point, when the conclusion was i-eached that it 
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under pressure. 

Phenylethoxychloroarsine. 

This compound was prepared -“f 

PhAsCl, + NaOEt=NaCl + PhA3a;OEt. 

4-6 Grams of sorlium (1 atom) were 
.icohoi. and the solution ^VheChi:! 

phenyldichloroarsine (1 ^.h.H hours, cooW, 

r :s:"a:drnrrwi remove, and the r..™ 
distilled under dnnimshed colourless oil whicli 

^ 37 grams, or 80 p. 

boils at 125--126°/12 mm. The yield was g i 

cent, of the theoretical. 

Found: C1-15T. ■ 

CoHjiiOClAs requires Cl=15-2 per cent. 

It uraduallv undergoes hydrolysis when kept in contect with water 
beingtansformed Lto a white solid, which, when ™ 

4 1 asTTs Ti 90—105°), separates in needles melting at 

127-130° It is curious that this product has a melting poi»t 
considerably higher than that r^orded in the hterature fe 
nhenvlarsenioiis oxide. 


Forrrhation of Unstable Cyano-compouiids. 

Evidence was obtained that the following compounds are ver; 
unstable, owing to the ease with which they underwent hydrolysu: 
phenylchlorocyanoarsine, phenyldioyanoarsine, and ethyldicyane 
arsine It was not found possible to isolate them. 


.Ictfon of Eydrogen Cynnide. <m Diphenylethoxyamne : 

Diphenyl ci/a7ioarsine. 

Diphenylchloroarsine was treated with sodium ethoxide, 
Ph.,AsCl + NaOFt = Ph,,As*OEt + NaCl, 
the resulting ethoxy-compound being then acted on by hydrogen 
cyanide, 

PboAs’OEt+HCN-PhsAs-CN + EtOH. 

2-3 Grams of sodium (1 atom) were dissolved in 100 c.c. of et y 
alcohol, and the solution was added to 26 grams of pure dip 
chloroarsine (1 mol.) dissolved in 50 c.c. of ethyl alcohol, 
addition lasted one hour. After the mixture had been hea 
one hour on the water-bath, the sodium chloride and the ac®*’ 



SOME ORGANIC COMPOUNDS OF ARSENIC. 


411 


were removed. The residue was a viscid oil, which solidified partly 
when kept overnight. It was then heated at 140® for three hours 
j 0 a current of dry hydrogen cyanide. On cooling, the oil was 
washed with water, and a nucleus of the solid form of diphenyl- 
cyanoarsine, prepared hy the method described later, was added; 
this caused the oil to crystallise. The product was washed with 
light petroleum and dried under diminished pressure. Twenty 
(Trams of a solid melting at 30 — 34® were obtained, and this corre- 
iponds with an 80 per cent, yield of diphenylcyanoarsine. 


Action of Hydrogen Cyanide on Diyhenylurgemoi^is Oxi/Ie. 

Diphenylcyanoarsine was next prepared by converting diphenyl- 
’hioroarsine into diphenyl arsenious oxide, which was then acted 
jn by hydrogen (^anide: 

2 PKAsCl -t- 2NaOH H,0 + 2NaCl + PhgAs’O* AsPh^, 
PhoAs-O-AsPh, 2 HCN - 2 Ph 2 As-CN + HgO. 

The product obtained by the action of gaseous hydrogen cyanide 
Dn molten diphenyl arsenious oxide was distilled under diminished 
pressure. 

Diphenylcy an oarsine boils at 2 1 3 ° / 2 1 mm . (Pound : N = 5 * 4 . 
C,;{H^nNAs requires 1^^5‘5 per cent.).. 

From 25 grams of diphenylarsenious oxide, yields of 23 and 24 
grains, respectively, of the pure, redistilled oil were obtained in 
successive experiments, corresponding with a yield of about 90 per 
cent, of the theoretical. 

A most important property of this compound is the fact that it 
is sensitive to alkali in a remarkable degree. This was first noticed 
when a thin film of the oil, prepared as just described, was left 
exposed to the atmosphere in a crystallising dish at the ordinary 
temperature. The film was gradually converted into a solid, and 
it appeared that the oily diphenylcyanoarsine had crystallised. 
On examining the solid, it was found, however, that it consisted 
of diphenylarsenious oxide, as a determination of the melting point 
both alone and in presence of some of the oxide showed. It was 
proved that the result was not due to the presence of un attacked 
fiiphenylarsenioiis oxide in the original oil, and the inference was 
that the conversion of the oily eyano^compound int-o the oxide had 
been effected catalytically by the alkali of the glass vessel. It was 
iiext found that the oil solidified fairly quickly when kept in con- 
tact with A/lO-aqueous sodium hydroxide at the ordinary tempera- 
hire, and very quickly when warmed with alkali of this strength. 
A portion of the solid obtained in this manner was crystallised 
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from light petroleum, and a determination of its melting point 
showed that it consisted of diphenyl arsenious oxide. 

This interesting change may occur in the following stages: 

Ph2AB*CN + H20"PhaAs(CN)<Cpjj, 

Ph2As(CN)<[^j^ -Ph^As-OH + HCN, 

2Ph2As’OH - HoO f PhgAs^O-AsPh^. 

The solid modification of diphenylcyanoarsine was obtained in 
the following manner. The crude oil resulting from the action of 
hydrogen cyanide on diphenylarsenious oxide was washed twice 
with water, and left in contact with solid calcium chloride over- 
nio-ht. It was then found to consist of a solid and very little oil. 
A portion of the solid was then washed with light petroleum, and 
found to melt at about 31—33° (Sturniolo and Bellinzoui, Gazzetia, 
1919, 49 , ii, 326, give 35°). A nucleus added to some of the pure 
oil caused the latter to crystallise immediately. 

According to La Coste and Michaelis {Annalen, 1880, 201 , 222), 
diphenylchloroarsiue is only sparingly soluble in sodium hydroxide 
or potassium hydroxide on heating. The mobility of the halogen 
in dipheiiylchloroarsine i.s, however, much greater than would be 
inferred from the data in the literature; the chlorine can bo dis' 
placed very easily under the following conditions, and the method 
now described is a convenient one for the preparation of diphenyl- 
arsenious oxide in quantity. 

Sodium hydroxide (325 grams) was dissolved in water (1500 c.c.), 
/nd, when the temperature of the solution had fallen to 60° 
diphenylchloroarsiue (500 grams) was added. The solid melted, 
and the temperature was then gradually raised to 70° within fifteen 
minutes, during which time the mixture was stirred vigorously. 
When once the oil began to harden, it was transformed in the 
course of a few minutes into a hard solid. The temperature was 
maintained at 70° for fifteen minutes longer, with occasional 
stirring, and, when cold, the liquid was decanted from the solid, 
which was then powdered and thoroughly washed with water until 
the washings were free both from alkali and chloride. The oxide 
was then collected and dried on porous plates. If kept at the 
ordinary temperature, the product at this stage becomes constant 
in Weight very slowly. It was found practical to dry in air for 
a day at the ordinary temperature, and then at 60° to 70° until 
the weight was constant. The yield of anhydrous oxide was 
435 grams, which is 97 per cent, of the theoretical. When crysW' 
lised^from light petroleum, the oxide melts at 92‘5 — 93 '5° whereas 
ba Coste and Michaelis (loc. (rit.) give 91—92°. 
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The action took place in accordance with the equation 

-h 2NaOH - 2NaCl + H^O + PhgAs-O- AsPhg . 

In the majority of our experiments on the preparation of 
diphenyloyanoarsine, 150 grams of diphenyl arsenious oxide were 
used each time. The flask containing this was placed in a bath of 
fusible metal, the temperature of which was gradually raised from 
120° to IflO® Dry hydrogen cyanide was passed for about five 
hours through the molten diphenylarsenious oxide. The contents 
of the flask were allowed to cool, and, while still slightly warm, 
were poured into a porcelain dish, when solidification took place 
trradually. The yield of uncrystallised product was practically 
theoretical. If it is desired to keep the product for any length of 
time, it should be dried under diminished pressure until constant 
in weight. 

It was also found that diphenyloyanoarsine can be obtained by 
allowing diphenylarsenious oxide to remain in contact with a con- 
centrated aqueous solution of hydrogen cyanide at the ordinary 
temperature. The action of anhydrous hydrogen cyanide on 
diphenylarsenious oxide at the ordinary temperature would, in our 
opinion, be the most convenient method of preparing this com- 
pound on the large scale, especially if it is desired to obtain a 
product which will be fairly stable on keeping. 

Our first experiment on the preparation of diphenylcyanoarsine 
was made with diphenylcMoroarsine and potassium cyanide, but, 
as the ease with which the compound was hydrolysed was recog- 
nised at an early stage, the use of an aqueous solution of potassium 
yanide was purposely avoided, as we were convinced that the 
tiethod would be unsuitable for the preparation of the compound 
!i a state of purity. The following experiment, carried out at a 
ater stage with rectified spirit as the solvent, may, however, be 
fuoted in this connexion. A mixture of 133 grams of diphenyl- 
'hleroarsine and 50 grams of potassium cyanide was gently heated 
jflder reflux for five hours with 250 c.c. of rectified spirit. The 
liquid gradually darkened, and ultimately became red. It was 
left overnight, and the solid was removed. The filtrate separated 
into two layers. To the lower layer (47 grams), a nucleus of the 
solid diphenylcyanoarsine was added, and crystallisation began 
slowly. After one day in the ice-chest, the crystalline deposit 
Maounted to 18 grams; when washed with ether, it melted at 
32—34^. The upper layer was mixed with an excess of water. 
The resulting oil (61 grams) was removed, the aqueous solution 
heiug extracted with ether, and the ethereal solution added to the 
To this ethereal solution were also added the ethereal wash- 
from the 18 grams. The ethereal solution was dried with 
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sulphate, the ether distilled, the residue mixed with tW 
liquid portiou of the original lower layer, and the whole heaW 
at 140^150“ to remove all the ether and alcohol. After a fort 
night in the ice-chest, 50 grams of solid and 47 grams of liqmj 
were present. The total yield of solid cyano-compound was 68 

grains, and of solid plus liquid 115 grams. 

It is certain that, when aqueous potassium cyanide is used, some 
of the diphenylchloroarsine will be converted into diphenyl- 
arsenlous oxide, owing to the alkalinity of the liquid, and it ,s 
equally certain that, unless special precautions are taken, the 
diphenylcyanoarsine formed will, on keeping, undergo change owieg 
to catalytic hydrolysis. 

It is desirable that the hydrolysis of diphenylcyanoarsine should 
be examined more fully than has been described in the present 
paper, in order that conditions may be arrived at whereby thi 
substance does not undergo alteration on keeping. 


Action of Chlorine on Diphenylcyo,noOrTnnt. 

The action represented by the equation 

PhgAs-CN + Clo - Ph2As(CN)Cl2, 

was investigated. 

Twenty grams of diphenylcyanoarsine were dissolved in 100 c.c. 
of benzene, and a current of chlorine was passed through th 
cooled solution. Solid began to separate, and the passage of tht 
chlorine was continued until the liquid was green in tint. On 
removal, the solid fumed in air; it melted indefinitely at atont 
115°, and contained chlorine but no nitrogen. On boiling with 
water, it dissolved, and, on cooling, needles of diphenylarsinic acid 
separated. It seems likely that the compound in question was 
diphenylarsenic oxychloride, (Ph2AsCl2)20, which melts at 11*' 
(La Coste and Michaelis, Annalen, 1880, 201 , 230), produced by 
the hydrolysis of the cyano-group, thus: 

PhgAsCIg'CN + HgO - Ph^AsClg-OH + HCN, 
2Ph2AsCl2-OH - H 2 O + PhsAsClg-O-Ph^AsCla, 

whilst its conversion into diphenylarsinic acid would be interpreted 
as follows: 

Ph2AsCl2-0-Ph2AsCL f 4H.2O - 4HC1 + Ph2As(0H)2-0*PhoAs(0H)., 
Ph,,A3(0H)2-0-Pli2Ag(0H), + 2HC1 =H20 + 2Pli2AsCl(OH)e, 
Ph2A3Cl(OH)2 + HjO = HCl -p Pli2As(OH)3, 
Ph2As(0H)a=H20 -i- Ph^AsO-OH. 

Wkeu the additieu of chlorine to diphenylcyanoarsine was cot' 
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lucted with dry benzene or dry carbon tetrachloride as the solvent, 
^ aimilar result was obtained. 

On allowing the benzene filtrate in the first experiment to remain 
•'or several days at the ordinary temperature, a crystalline product 
fiaa gradually deposited, which softened at 123° and melted at 
127 °. It amounted to 2 grams, and contained both nitrogen and 
jtlcrine. Another quantity of this substance was obtained from 
a similar experiment, the difierence between it and the first sample 
Ijeiixg in the somewhat higher melting point, namely, 130 — 133°. 
Xhe product, in fact, appeared to be diphenylcymoarsme dichloride, 
Pli2As(CN)Cl2. 

Found; Cl = 22-0, 

C^Hi()NClgAs requires Cl = 21 ‘8 per cent. 

When once it had been isolated, it was apparently fairly stable 
when dry, since it underwent no change when kept in a desiccator 
for three weeks. When boiled with water, it dissolved completely, 
acd needles of diphenylarsinic acid separated on cooling,- as repre^ 
Iseiited by the equations 

Ph2A8(CN)Cl2 + 3HaO = HCN + 2HC1 + Ph2As(OH)3, 
Ph2A3(OH)s= HgO + PhgAsO'OH. 


Acii<ni of Sodium Sydrosulphide O'n Diphenylchloroarsine. 

This action was studied in order to ascertain if diphenylarsine 
lydrosulphide could be formed, thus; 

Ph^AsCl -f NaSH = PhgAs’SH + NaCL 
The product consisted, however, of diphenylarsenious sulphide, 
rhich was presumably formed by the elimination of hydrogen 
lulphide from the hydrosulphide; 

2Ph2As-SH = HgS + Ph2A3-S*AsPh2. 

The yield was 83 per cent, of the theoretical. 

The authors desire to acknowledge the valuable assistance 
rendered by Miss Agnes Paterson Millar, B.Se. (Mrs. Cleland), 
iiiss Nellie Walker, M.A., B.Sc., and the late Mr. George Fyfe 
Slder, 

Pnivbbsitt College, Dundee, 

University oe St. Andrews. 


[Receivfd, March Wth, 1920.] 



ANNUAL GENERAL MEETING, 

Thuesday, March 25th, 1920, at 5 p.m. 

Sir James J. Dobbie, M.A., D.Sc, F.R.S, President, in the 
Chair. 

Dr H. Bassett and Mr. A. Stevenson were elected Scrutators, 
and the ballot for the election of Officers and Council was opened. 

The adoption of the Report of Council, together with the Balance 
Sheet and Statement of Accounts for the year ending December 
Jlst, 1919, was proposed by Dr. F. L. Pyman, seconded by Mr. E. 
Grant Hooper, and carried. 


Report of Council, 1919- H920. 

A substantial addition to the number of Fellows was reported 
for 1918, and the Council is gratified to record a still greater 
increase during the past year. On December 31st, 1918, the number 
of Fellows was 3,401. During 1919, 274 were elected and 18 re- 
instated, making a gross total of 3,693. The Society has lost 43 
Fellows by death, 42 resignations have been received, the election 
of 1 has been declared void, and the names of 38 have been removed 
for non-payment of Annual Subscription, The total number of 
Fellows, therefore, on December 31st, 1919, was 3,569, showing 
a net increase of 168, as against 131 the previous year. 

It is with deep regret the Council has to report that the follow- 
ing Fellows have died: 

Herbert Anderson (1895). 

William Beam (1903). 

David Bendix (1874). 

Richard Blenkinsop (1902). 

Arthur Anderson Bones (1912). 

John Richard Brooke (1900). 

Adrian John Brown (1876). 

Herbert Stoddard Coleman (1913). 


William James Cousins (1885). 
Sir William Crookes (1857). 
Walter Henry Dixon (1912). 
William Lofland Dudley (1890). 
Owen Charles Edwards (1918), 
Arthur Henry Elliott (1878). 
Philip Anderson Estcourt (1888). 
Thomas Fairley (1865). 
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'■Jporge Carey Foster (1856). William Henry Oates (1893). 

tt’iliiam Humphrey Gibson ( 1 888 ) , Walter Parker (1917). 

Harold Cecil Greenwood (1916). Francis Reginald Power (1884). 

Samuel Godfrey Hall (1899). Sir Boverton Redwood (1866). 

Augustus George Vernon Harcourt Norman Soott Rudolf (1909). 

Alfred Ulrich Max Schlaepfer (1918). 

John Holmes (1897). John Emilius Lancelot Shadwell 

Henry Owen Huskisson (1861). (1880). 

(5eorge Frederic Kendall (1884). Harry Shulman (1915). 

John Falconer King (1876). Sir Peter Wyatt Squire (1882). 

Kdward Gurley Love (1882). James Fleming Stark (1870). 

Xbomas Morison Maben (1915). John Charles Umney (1893). 

James Baird MacLachlan (1916). Elwyn Waller (1878). 

George Martineau (1871). Christopher Joseph Whittaker (1899). 

Arthur Sampson Napier (1874), 

The Council has to mourn the loss of three Past- Presidents, Sii 
William Crookes, O.M., Dr. A. G. Vernon Harcourt, and Prof. J. 
Emerson Reynolds. Obituary notices of these and other Fellowa 
will appear in the Transactions in due course. 

Resignations have been received from : 


Paul Seidelin Amp (1906). 

Thomas James Bandinel (1916). 

Frank Eayley (1917). 

William Charles Trevor Beasley 
(1917). 

John Cardew Bedwell (1901). 

William Berry (1888). 

Wilfred William 0. Beveridge (1903). 

Robert Biefcerstaffe (1908). 

William George Brown (1884). 

.llexander Caruth (1913). 

Pinzen Cheng (1915). 

iJoseph Morgan Davey (1905). 

)hn Arthur Dewhirst (1899). 
dward Percy Frankland (1912). 
eorge Pomeroy Furneaux (1909). 
enry Wippell Gadd (1901). 
eorge Harrison Gemmell (1885). 
tauten Gibson (1913). 
ifthur Frank Girvan (1908). 
ilired Rowland Gower (1893). 
lerbert Green (1878). 


Edgar Percy Hedley (1900). 

Arthur Edward Holme (1895). 
Robert John Hughes (1918). 

Edgar Jobling (1912). 

James Johnstone (1896). 

Charles John J, Mansford (1897). 
Frank Clifford Marchant (1913). 
Robert Mills (1911). 

John Charle.s Henderson Mingaye 
(1887). 

Louis Murgatroyd (1907). 

Frank Henry Pugh (1917). 

Louis John Ecxekiel Riley (1904). 
Conrad Howard Rogers (1916). 
John George Rose (1910). 

William Charles Ros.s (1902). 
Ernest William Smith (1910). 
James Thomas Stevenson (1909). 
Alan West Stewart (1914). 

Ctedric Gerard Verver (1917). 
Alexander Watt (1877). 

WiUiam Henry Withoy (1908). 


The congratulations of the Society are offei'ed to Mr. Thomas 
?«gg, who, having been elected on November 17th, 1859, has 
ioapieted sixty years as a Fellow, and to the following, who have 
attained their jubilee as Fellows : 

VOL eXVH. Q 
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William Henry Deering 
James Thomson Bottomley 

William James Jjewis ... ■ 

George Robertson Hislop . . 

David Brown 

Alexander Muirhead 


Elected. 
April 1st, 1869, 
April 15tli, 1869. 
Nov. 4th, 1869, 
Jan. 20th, 1870. 
Mar. 17th, 1870. 
Mar. I7th, 1870 


Since the last Annual General Meeting the Soci^y has U 
two Honorary and Foreign Members, Prof. A. P. N. Franchi- 
moot and Prof. Alfred Werner, Sir Edward Thorpe 
G. T. Morgan, respectively, have undertaken to prepare obituary 

notices of these distinguished chemists. 

The volume of Transactions for 1919 contains 1.B17 pagra, of 
which 1 392 pages are occupied by 139 memoirs, the remaiumg 
125 pa..es being devoted to Obituary Notices, lectures on special 
subjects" the Report of the Annual General Meeting, the Prei 
deiitial Address, and the Report of the International Committee 
on Atomic Weights. The volume for the preceding year con- 
tain/l 89 memoirs, occupying 849 pages. The Journal for 1919 
contains also 3,534 abstracts, occupying 1,148 pages, whilst the 
abstracts for 1918 numbered 2,436 and occupied 1,032 pages, h 
the last Report, in referring to the great and continuous decrease 
since the start of the war in the number of memoirs published is 
journals devoted to chemistry and allied subjects, the view was 
expressed that the lowest point had probably been reached ard 
that an increase in the number of papers abstracted might bo 
anticipated. This view has been justified; the number has show 
a decided increase, especially in the latter part of the year, aid 
a very considerable increase seems to be indicated for 1920. 

The abstracts may be classified as follows; 


Part I. 


Pages. 

Organic Chemistry 

Physiological Chemistry 

Chemistry of Vegetable Physiology and Agriculture ... 

616 

Part II. 


General and Physical Chemistry — 

Inorganic Chemistry — • 

Mineralogical Chemistry — 

Analytical Chemistry — 

532 

Total in Parts L and II 1,148 


No. of 
Abstracts. 

823 

144 

. 186 
1,153 


636 

239 

57 

449 

1,381 

2,534 
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In oonneizioii with the revision of the Bye-laws, to which refer- 
iQoe was made in the last Eeport of Council, an Extraordinary 
General Meeting of the Society was held on May 8th, 1919. At 
]ii& meeting, eight resolutions dealing with various modifications 
)f the constitution of the Society were passed (see Proc,, 1919, 
59), and the Council was authorised to secure a supplemental 
i^harter giving the power to make the necessary alterations in the 
gye-laws. The petition praying for such supplemental Charter 
5 fas presented to the Privy Council last July, and His Majesty has 
oow been graciously pleased to grant the request of the Society. 
The supplemental Charter has been received, and an Extraordinary 
Oeneral Meeting will be summoned at an early date to consider the 
alterations in the Bye-laws proposed by the Council under the new 
conditions. 

Reference was made in last year's Report to the question of 
,he publication of Chemical Compendia in the English language, 
[he scheme set forth in the Report of the General Committee of 
Jie Chemical and Allied Societies was at a later date duly approved 
ay the Council, and its further development was placed in the 
hands of the Federal Council for Pure and Applied Chemistry. 
The decision of the Council was communicated to the French and 
American Chemical Societies, to those societies represented on the 
General Committee, and to the Department of Scientific and Indus- 
ial Research, which later intimated that it would be prepared 
) consider an application from the Federal Council for financial 
distance. 

The question of the supply of chemical glassware and fine 
hemicals for research purposes, raised by the Department of 
dentifio and Industrial Research, has received the earnest atteu- 
ion of the Council. Its considered opinion on these matters 
m communicated to the Department of Scientific and Industrial 
lesearch, and the views of the Council were expressed in greater 
btsil by a deputation which waited on the Department. 

I The Council have accepted from the Harrison Memorial Com- 
itee the administration of a Trust Fund for Research purposes 
1 of a Memorial to the late Lieut.- Colonel E. F. Harrison, 
il.Gr., Director of the Chemical Warfare Department of the 
nistry of Munitions. A position for the memorial has been 
ind on the upper part of the arch outside the Meeting Room, 
d it is intended that the names of all those Fellows who fell 
action or died on service shall appear in close proximity to 
a nemorial, 

A. collection of letters and portraits received by the late Sir Henry 
koscoe from eminent scientific men of his time has been pre- 

Q 2 
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seated to the Society by Miss Ko^aoe, to whom the Council 
expressed its appreciative thanks for this interesting and valuable 

^ The first of the three Lectures arranged by the Council to be 
delivered during the present Session was given on December ISth 
by Prof. James AYalker, who (^ose as his subject “ War Experiences 
in the Manufacture of Nitric Acid and the Recovery of Nitrous 
Pumes/' The lecture on "Some War-time Efforts in Chemical 
Industry at Gretna," which was to have been delivered on 
March 4th by Mr. John C. Burnham, has been unavoidably post 
poned. The third of the series will be given on June 17th by 
Prof. J. C. McJienuaii, who will lecture on " Helium.’’ The Council 
is gratified to find that the delivery of lectures on special subjects 
continues to meet with appreciation from the Fellows, and regrets 
that the seating accommodation afforded by the Meeting Room is 
inadequate for these occasions. 

Prof. A. W. Crossley and Dr. A. Scott have consented to act 
as the Society’s representatives on the Conjoint Board of Scientific 
Societies, whilst Prof. II. E. Armstrong, Sir William J. Pope, and 
Sir William A. Tilden have been reappointed as the Society's 
representatives for the current year on the Federal Council for 
Pure and Applied Chemistry. The Council has further nominated 
Dr. J. C. Cain, Mr. A. J. Greenaway, Mr. C. A. Hill, Prof. J. l[. 
Thomson, and Prof. F, Soddy to serve on the Sub-Committees of 
the Imperial Mineral Resources Bureau. 

The Celebrations held by the French Chemical Society in Paris 
on June 5th and 6th, 1919, were attended by Sir William J. Pope 
as the Society’s representative. 

Permission was given to Dr. Kling, Director of the Laborafcoira 
Municipal© de Paris, to issue a French translation of the Annual 
Reports for 1918, and this was published in the early part of 1920 
by Messrs. Gauthier- Villars et Cie. 

At the request of the American Chemical Society, the Council 
has appointed a Committee, consisting of the OfiScers and the 
Editors, to co-operate with corresponding Conimitteee appointed 
by the American Chemical Society and the Society of Chemical 
Industry to consider questions of Nomenclature, Spelling, and 
Pronunciation, 

At the suggestion of Prof. P. A, Guye, the Council has agreed 
to refer the question of publi^ing Tables of Physico-Chemical 
Symbols to the Union Internationale de la Chimie Pure, et 
Appliquee. 

The Council desires to record its thanks to those Fellows whfl 
have contributed to Vol. XVI. of the Annual Reports, and to 
the Al^tractors for their services during the past year. 
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A circular was issued to Fellows on January 23rd, 1920, stating 
bat subject to sufficient support being received, it was proposed 
■0 hold ft Soiree at the Natural History Museum on the evening 
jf Thursday, March 25th, the day of the Annual General Meeting. 
Owing, however, to insufficient support being forthcoming, the 
Council was reluctantly compelled to abandon the proposal . 

The scheme for the extended use of the Library has now been 
in full operation since May Ist, 1919, and the fact that during the 
additional hours of opening the Library, 1,198 attendance* were 
recorded, affords evidence that these extra facilities are appreciated. 
As already announced, the Library is now open until 9 p.m. every 
week'day except Saturday, when it closes at 5 o’clock. 

The expenditure incurred during 1919 in enlarging the scop© of 
the Library amounted to ^439, of which sum .£406 10^. 
was received from the following Societies : Association of British 
Chemical Manufacturers, Biochemical Society, Faraday Society, 
Institute of Chemistry, Society of Chemical Industry, Society of 
ipyers and Colourists, and the Society of Public Analysts. It is 
lestimated that from £550 to £600 will be required to continue the 
Ucheme during 1920. 

The number of books borrowed from the Library during 1919 
ns 2,867, as against 2,905 in 1918. The additions to the Library 
wiuprise 189 books, 338 volumes of periodicals, and 86 pamphlets, 
lus compared with 126, 255, and 31, respectively, the previous 
year. 

The accounts for the year 1919 show a balance of income over 
expenditure amounting to £522 3^. 3d., as against £2,489 4«, id. 
reported last March for the previous year, and it is now necessary 
to reccgniso that the prevailing high coats are rapidly overtaking 
the economies due to diminished printing during the War. Thus, 
although the income from all sources amounts to £11,838 L. Id., 
ami exceeds that recorded for 1918 by £1,755 6^. 8r7., the expendi- 
ture has increased by £3,722 7s. 3d., reaching the sum of 
£11,315 18s. id. 

On examining the details of income and expenditure, it will be 
found that the increase of revenue arises from additional life com- 
positions £263, admission fees £148, and subscriptions £315, 
together with £138 15^. 5c?. from interest on increased investments, 
125, id. from sale of publications, and £574 145. 11c?. repre- 
senting increased gross proceeds from advertisements in the 
JOI’ENAL. 

Tie very serious increase of £3,722 75, 9d. in expenditure is 
wing principally to the cost of the Society’s publications, which 
>?£regates £8,034 I3s. 5d., as against £5,247 11,^, 3d. for 1918, an 
excess of £2,787 h. 8c?. This is in some measure due to the 
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expected partial recovery in, the volume of TransaxitioDB, aj 
indicated by the following synopsis : 



Number of Pages. 


Trans. 

Abatr. 

Total. 

1914 

2,909 

2,068 

4,977 

1915 

1,862 

1.944 

3,806 

1916 

1,368 

1,532 

2,900 

1917 

1,128 

1,308 

2,436 

1918 

995 

1,032 

2,027 

T919 

1,517 

1,148 

2 665 


In so far as this represents an increased production of origica] 
work, it is a gratifying feature of the Peace year, but the enhanced 
cost of printing the Jouenal, which rose from £2,750 8 s. 3^^. in 
1918 to £4,625 2 s. Id. in the year under review, is the cause of 
grave anxiety to the Council. At its re<^uest, the situation ha^ 
been explored by the Finance Committee, but it has not been found 
possible to devise any practicable remedy; it appears from iU 
inquiry that the position of the Society is less unfavourable than 
that of some other similar bodies. Nevertheless, the fact that the 
cost of the Journal per page has now reached £2 As. 8d., in com- 
parison with 175. 2d. in 1914, will shortly become the source of 
deep embarrassment, because a return to pre-war volume unaccom- 
panied by a diminution in cost of production would confront the 
Society with an expenditure of £12,000 on the Journal alone, 
involving a deficit approximating to £4,000 per annum. 

Having regard to this forecast, the Council considers it a dutv 
to urge upon authors the most rigid observance of word* economy 
in expressing their ideas and the restriction of experimental detail? 
within the smallest possible compass. 

The necessity of increasing the remuneration made to the stai 
has been the principal cause of a rise in administrative expense? 
from £1,681 65 . bd. in 1918 to £2,220 75 . id. in 1919. 

£2,000 National War Bonds were purchased early in the year, 
tind £480 invested in Funding Loan, but the estimated value of 
the Society’s investments on December 31st, 1919, was only 
£1,291 IO 5 , 10^. higher than at the corresponding date a year 
before. 

The following grants have been made from the Research Fund 
during the year : 


The physical chemical properties of beryllium compounds. 

A. J. Allmand £10 0 0 

The formation of binary and ternary mixtures of constant 
minimum boiling point in a group of organic liquids. 

W. B. G. Atkins 10 0 0 
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Formation and stability of spiro-compounds. 0. Becker 
(a) Physiologically active bases. 

\b) Spirane bases with a view to resolution into optically 

active components. G. M. Bennett 

OximinO'derivativea. 0. L. Brady 

The biochemistry of iodine. A. T. Cameron 1 

Action of sulphuretted hydrogen on organic compounds con- 
taining unsaturated linkages. F. Challenger 
The constitution of carbazole blue. M. Copisarow 
Study of the addition of alkyl haloids to ethyl 0-diethylamino- 

crotonate. P. W. Denny 

Derivatives of xanthene. S. N. Dhar 

Isomerism of the oximes. F, P. Dunn 

Ring formation of organic compounds. E. H. Farmer " . " . ! 

The constitution of weak acids and their salts. J. C. Ghosh 

(а) Prepa,ration of substituted glutaric acids. 

(б) Constitution of Guareschi’s spiro-compounds. W. H. 

Gough 

Action of halogens upon dichlorodimethylcycZohexadiene! 

L. E. Hinkel 

Condensation of ethyl sodiomalonate with glycolchlorhydrin* 

J. Kenner 

The solubility relationships' of 4-dimethylamino-l -phenyl- 

3-methylpyrazole. TI. King 

Formation of ketones from acids of the glutaric series and the 
formation of bridged-ring compounds. G. A. R. Kon... 
The properties of certain binary mixtures of liquids. J. I. 0. 

Masson 

A quantitative method of determining the velocity of coagu- 
lation. J. N. Mukherjee 

The reactivity of sulphur chloride with amino- and a^do- 

compounds. K. G. Naik 

Attempted synthesis of myricetin. M. Nierenstein 
Action of diazomethane on a -di ketones and on acyl chlorides. 

M. Nierenstein 

The investigation of gallotannin (contd.). M. Nierenstein.., 
The relationship between molting point, chemical composi- 
tion and physical properties of series of organic com- 
pounds. P. W. Robertson 

The latent heat of fusion of palmitic acid and other fatty 

acids. (Mrs.) K. Stratton 

The conversion of borneol into camphene and the study of 
analogous reactions. (Miss) M. Tadman 
Influence of the constitution of tertiary bases on the rate of 
formation of quaternary ammonium salts (contd.), E. R. 
Thomas 


£15 0 0 


5 0 0 
10 0 0 
15 0 0 

10 0 0 
20 0 0 

10 0 0 
10 0 0 
10 0 0 
15 0 0 
30 0 0 


15 0 0 

15 0 0 

10 0 0 

5 0 0 

15 0 0 

10 0 0 

15 0 0 

10 0 0 
10 0 0 

15 0 0 
15 0 0 


8 0 0 
20 0 0 
10 0 0 


15 0 0 


Total 


£358 0 0 


Whilst the aggregate grants exceeded by £261 14s, Od. the corre- 
spon ing payments for 1918, the balance of income over expend!- 
‘"W for 1919 is £349 13s. \U., as against £539 13s. M. for the 
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previous year. The return on investment® was ^24 6s. 5d. higher, 
and £91 Os, lOd. was realised by sale of gold and platinum; on 
the other hand, the repayment of grants was £44 14s. M. less than 
during 1918, and the recovery of income-tax was £13 S,'!. 4c?. lower. 
£300 National War Bonds were purchased for this account in 1919. 

A vote of thanks to the Auditors, proposed by the Treasurer 
and seconded by Mr. F. G. Pope, was carried unanimously, Dr. 
C, K, Tinkler making acknowledgment. 

Professor H. Brereton Baker proposed a vote of thanks to the 
Treasurer, Secretaries, and Council for their services during the 
]}asb year. This was seconded by Dr. T, Slater Price, and 
acknowledged by Professor S. Smiles, the retiring Secretary. 

The President then delivered his Address, entitled, ‘'The War 
and Key Industiles. with special reference to the Fixed Nitrogen 
Industry/’ 

A vote of thanks to the President for his services in the Chair 
during the past year and for his Address, coupled with the request 
that he would allow the Address to be printed in the Transaction!', 
was proposed by Sir William A. Tilden, and seconded by Dr, 
Alexander Scott. The motion w'as carried with acclamation, and 
acknowledged by the President. 

The Scrutators presented their report, and the President 
declared the following to have been elected as OfRcers and Council 
for the ensuing year : 

President. Sir James Johnston Dobbie, M.A., D.Sc., F.R.S. 

Vkc-Presidenfs irho have filled the office of President . — Henrv 
Edward Armstrong, Ph.D., LL.D., F.R.S.; Alexander Crum 
Brown, D.Sc., LL.D., F.R.S. ; Sir James Dewar, M.A., LL.D,, 
F.R.S. ; Harold Baily Dixon, C.B.E., M.A., Ph.D., P.R.S.; Percy 
Faraday Frankland, Ph.D., LL.D., F.R.S.; William Odling, M.aI 
M.B., F.R.S.; William Henry Perkin, Sc.D., LL.D., F.R.S.; Sir 
William Jackson Pope, K.B.E., M.A., D.Sc., F.R.S.; Alexander 
Scott, M.A., D.Sc,, F.R.S.; Sir Edward Thorpe, C.B., LL.D., 
F.R.S.; Sir William Augustus Tilden, D.Sc., LL.D., F.R.S. 

Vice-PresidenU.^^vMm Berend Cohen, Ph.D., B.Sc., F.R.S.; 
Frederick George Donnan, M.A., Ph.D., F.R.S.; Henry John 
Horstman Fenton, M.A., Sc.D., F.R.S.; Samuel Smiles, O.B.E., 
D.Sc., F.R.S.; James Walker. D.Sc., LL.D., F.R.S,; Willism 
Palmer Wynne, D.Sc., F.R.S. 

Trea.^urcr,— Martin Onslow Forster, D.Sc,, Ph.D., F.R.S. 



424 0 6 I £6730 Metropolitan Consolidated Si per cent 

fLady Subscriber) 1 10 0 i £1060 London and Xortb Weetern Railyray 


ANNUAL GENERAL MEETING. 


425 



28, Qvbbn VioroRtA S^trkkt, 

Marah Ut, 1920 



426 


ANNUAL OENBEAL MEETING. 


INCOME AND EXPENDITUEE ACCOU^^l 


Incmne. 


To Lifo Coni[)o»itiunti 

,, Admigsion Peeg 

,, Annnal Sii Ascriptions — 

Received iti advsnce, nti account of 19in 

„ during 1919 „ „ 

„ ,, „ „ itns 

M „ „ „ 1917 atid previous 


«12 0 o' 

JIOJ 0 0 


232 0 0 
fi211 0 0 
378 0 0 
C4 0 D 


5S85 0 0 

Leu aiiKiutit included in Inst yRar*s Incotue, bsin^ \cUuation of 
Arrearn ss ]>er last Balarjca Slieet 460 0 0 


Add Arrears at date : 1919, f3S8 ; 1918 and previous, iSi'O, estimated 
to realise as l>er Bakuee Sueet 


5425 0 0 
270 0 0 


,, Lady Subscribers 


,, Inveatmetits ;~ 

DiTideiids on £6730 Metropolitan Consolidated Si per cent. Stock 

II £1050 London and NorlL Western Railway 3 percent. 

Debenture Stock 

,1 £1520 14», 3d, Carditr Coriioration 3 per cent. Stock 

M £U00 India 2^ per cent. Stock 

,, £2400 llristol Corjioration 2J per cent. Debenture Stock 

II £4341 Midland Railway 2^ jier cent, Preterence Stock 

I, £1200 Leeds Corjioration 3 per cent, Debenture Stock.,. 

„ £1500 Transvaal 3 per cent Guaranteed Stock, 1923/53 

„ £1200 North British Railway 3 jter cent. Debenture 

Stock 

„ £70n Canada Si percent. Slock 1930/50 

„ £7200 5 ]ier Cent War Stock and War Bonds,,, 

,, £000 4 per cen Funding I,oan, 1960-90 

Income Tax Recovered 

„ lutereat on Deposit Account 


182 11 3 

22 1 0 
31 IS S 
27 2 6 
42 0 0 
76 12 11 
25 4 0 
38 5 0 

25 4 0 
19 12 0 

307 1 2 
5 15 11 

189 10 6 

26 4 '6 


Publication Sales 

Journals 

Proceedings " 

Collective Inde* 

Library Catalogue 

Atomic Weight Tables 

Annual Reports nn Progress of Cbeiiiisstry 

Memorial Lectures 

Jubilee Volumes 


2048 14 3 
20 19 J 
80 4 8 
I 16 11 
1 13 9 
320 5 0 
5 18 3 
0 5 0 


5605 ft 0 
12 0 0 


1019 3 j 


Lut Publishers* Commission 

I, Proceeds of Advertisements in Jounjal ., 

Lt$t ComiaisBion 

Miscellaneous Receijds 

i.Sulocriptiona fr(iraother;8ocieties .y. 

,, Donations to Library ... 


2479 17 0 
241 9 7 

223S 7 j 

1015 1 « 

66 6 11 

48 H : 

26 1 2 
43 0 « 
40 15 0 


£11,838 1 7 
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jfoR thk year kndku 31st DECEMBER, 1919 . 


EiquTiditure. 


Bj £xperi8«ii OD acfiOimt of JourunI 

Salary of Editor, including Indexing .. 
Salary of Sub- Editor and Assistant 

Editorial Postagea 

Abstractors’ Fees 

Printing of Journal 

Banding 

Printing of Advertisements 

Wrapprs and Addressing 

Distribution of Jounial 

Authors’ Copies 

Insurance of Stock 


620 0 0 
250 0 0 
23 0 0 
303 9 HJ 
4625 2 7 
147 18 0 
296 U 9 
S 3 10 
G78 16 6 
186 15 5 
10 4 0 


Anniversary Dinner 

„ Annual Reports on the Progress of (Jheiui«ti j " 
„ Purchase of back numbers of Journal 
,, List of Fellows 


Library Expenses 

Salaries 

Books and Periodicals 
Binding 


lodeitng for Intematioual Catalogue 

,, Douatmn to International Comtnission of Pubiication of Aunnal Tableii 
of Constants and Numerical Data, Chemical, Pliysical and Techno 

logical 

,, Donation to Board of Scientific Societies!!. 

. Frfieral Council for Pure and Applied Cueiuistry 
, Middlesex Hospital 


, Administiative Expenses;— 

Salary of Staff ... ... 

War Bonos ” " "[ 

Wages (Commissionaire, Housekeeper, and Charwoman! 

Coal and Lighting 

House Expenses and Repairs ' ,’!.’ *!! 

Tea Expenses ' 

Insurances !!,’ .’!.' 

Accountants’ Charges ' !!! !!! !!! !.'! ,"! !_’’ [ 

Commission on Recovery of Income Tax !!,' .!! !!! 

Hiacellaneous Printing !! 

Stationery 

Postages ” !!' ['[ 

Advertisements of Meetings !!! !!! !!! '.!. !!! 

Miscellaneous Expenses 


Sheet’ Income over Expenditure carried to. Balance 


32 16 1 
542 15 
15 14 
245 12 


fi 


C39 15 6 
259 U 2 
5Q 6 6 


30 0 


0 


10 0 0 
5 5 0 
12 0 0 
5 5 0 

32 10 0 


685 11 6 
435 6 11 
283 12 3 
S8 10 5 
105 18 3 
50 5 10 
IT 2 0 
21 0 0 
9 9 6 
191 0 1 
157 9 10 
122 4 1 
10 16 6 
41 19 9 

2220 7 4 


ill ,838 1 7 
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Secretaries, — James Charles Philip, O.B.E., M.A., D.Sc., Ph.D.; 
Henry Bondel Le Sueur, D.Sc. 

fareign Secretary . — Arthur William Crossley, C.M.G., C.B.E., 
H.Sc., F.R.S. 

Ordinary Members of Council . — Arthur John A 11m and, M.C., 
p.Sc. ; Edward Prankland Armstrong, D.Sc., Ph.D.; Julian Levett 
Baker; Francis Howard Carr; Alexander Findlay, M.A., D.Sc-, 
Ph.D.; Francis Ernest Francis, D.Sc., Ph.D.; John Addyman 
Gardner, M.A.; John Millar Thomson, LL.D., F.R.S.; James 
Colquhoun Irvine, D.Sc., Ph.D., F.R.S. ; Charles Alexander Keane, 
D.Sc., Ph.D.; Sir Robert Robertson, K.B.E., M.A., D.Sc., 
P.R.S.; Edward William Voelcker. 



PRESIDENTIAL ADDRESS. 

Delivered ai the Annual General Meeting, March 25th, 1920. 
By Sir James J. Dobbie, M.A., D.Sc., LL.D., F.R.S. 


The War and Key Industries, with s'pecial reference 
to the Fixed Nitrogen Industry. 

Tt is my privilege to address you for the first time as Presideut 
in the year in which the war has been declared officially at an end. 
Whether the peace which we have achieved is to usher in a new 
era of greatness and prosperity for our country or to mark the 
beginning of its decline will depend on the thoroughness with 
which we have learned the lessons of, the great war and with which 
we are prepared to apply them. 

Amongst these lessons there is none more important than that 
which concerns the dependence on foreign countries of home indus- 
tries that are vital to the safety of the State. The war has 
taught us that a sound national policy requires us in future to 
produce or have the means of producing within our own country 
many articles which formerly we obtained exclusively from abroad. 
From a general survey of our industries it will be seen that they 
form a highly complex system in which certain products are essen- 
tial to the manufacture of others. When these essential products 
cease to be available the industries dependent on them are neces- 
sarily brought to a standstill. Industries which are in this way 
essential to others are now commonly known as “ key ” industries, 
one of the many terms to which the war has given birth or at 
any rate to which it has given wide currency for the first time. 
When such industries are carried on exclusively abroad it is 
obvious that the existence of the industries in this country which 
depend on them must bo jeopardised in time of war, and we have 
had many illustrations of this danger in the course of the last five 
years. On the outbreak of war it was discovered that we were 
entirely dependent on enemy sources for certain kinds of optical 
glass used in the construction of instruments required for war 
service, and the manufacture of such instruments was in conse- 
quence seriously interfered with. Again, the failure of the usual 
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supplies of coal-tar dy^ threatened a large section of our textile 
industries with min. So alarming was the position thus created 
that the Government speedily realised the necessity for interven- 
tion, and under its aegis and with its financial assistance the move-- 
ment which now promises such rich results was inaugurated for the 
revival in this country of the manufacture of coal-tar dyes. The 
recognition hy Government that it is the duty of the State, in such 
drcumstancea as I have described, to intervene, is perhaps one of 
the most significant and far-reaching consequences of the war so 
far as our industries are concerned. Many difficult and delicate 
economic questions will undoubtedly arise in the future in con- 
nexion with “ key industries, and it is important that claims 
for the special treatment of these should be put forward only where 
some tmly national interest is at stake. 

The publication of the Report of the Nitrogen Products Com- 
mittee of the Munitions Inventions Department has recently 
directed attention prominently to the group of industries concerned 
with the synthetic production of ammonia, nitric acid, and other 
compounds of nitrogen. It is unnecessary for me to dwell on 
the importance of these compounds in their relation especially to 
agriculture and to the manufacture of munitions of war, Without 
them our agriculture would languish, and we should lack the means 
of producing those explosives which are most essential to the 
conduct of modern warfare. Yet before the end of the war our 
supply of ammonia was running short, and our. stock of sodium 
nitrate could only be replenished with ever- increasing difficulty. 

The Report of the Nitrogen Products Committee clos^ with the 
following observation: 

As far as the United Kingdom is concerned, nitrogen- fixation 
and allied processes will constitute a new 'key’ industry.” 

This conclusion is one of enormous importance to our country, 
and I have thought it might be useful this afternoon to examine 
bnefiy the grounds on which it is based and endeavour to emphasise 
some of the lessons which may be learned from the Committee's 
Report, 

Before the war there was no nitrogen question in this country. 
We were then producing about five times as much ammonium 
sulphate as we required for our own use, and our production was 
increasing at a greater rate than our consumption. In such circum- 
stances there seemed to be no cause for anxiety with regard to the 
future. 

The main facts relating to the supply and disposal of the various 
orms of fixed nitrogen are simple, and as they are essential to a 
proper understanding of the nitrogen problem it will be convenient 



432 dobbie; the war and key industries, with speciai, 

to state them at once. We depend for ^monia almost entirely 
on the hy-products of the gas works and coke ovens, and for sodium 
nitrate on our imports from Chile. Taking the average of the 
years 1911-13 our annual production of ammonium sulphate (25 per 
cent NHj) was 393, 927, tons, of which we retained only 70,454 tom 
for our own use. exporting 323,473. Our average annual imports 
of sodium nitrate for the same period amounted to 130,997 tons. 

In discussions relating to our nitrogen resources we are concerned 
not so much with the amounts of the various compounds conUining 
nitrogen as with the total amount of the element. It is convenient, 
therefore, to express all quantities whether of ammonium sulphate, 
sodium nitrate, or cyanamide, in terms of nitrogen, and this plan 
has been followed with great advantage throughout the Commit- 
tee’s Report. In one of the tables entitled “Nitrogen Balance 
Sheet for the United Kingdom ” the amount of combined nitrogen 
]irodiiced in this country or imported into it is shown on one side 
of the account, and the amount used in its industries or exported, 
on the other. It appears from this statement that for the period 
1911-13 we produced annually on the average 82,404 tons and 
imported 23,979 tons of combined nitrogen, and that we exported 
71,490 tons, retaining in the country for our own needs 34,893 tons, 
Although we are not concerned for the present with the disposal 
of the balance remaining in this country, it may be interesting to 
notice in passing what became of it. Agriculture absorbed by far 
the larger part - -25,015 tons; the manufacture of sulphuric acid 
and explosives for mining and quarrying, 2885 and 1901 tons 
respectively; the manufacture of nitric acid, pota.ssium nitrate, 
munitions of war, and fireworks together 2059 tons ; the ammonia- 
soda and cold-prodncing industries, 1150 tons, leaving 1883 tons 
unaccounted for. 

At first sight the position of G-ermany at the beginning of the 
war in regard to combined nitrogen does not seem to have differed 
much from our own. She obtained ammonia almost entirely from 
hec gas works and coke ovens, but required nearly all she produced 
for her own purposes. Her margin for exportation in 1913 
amounted to no more than 76,000 tons of sulphate. She drew her 
suppli^ of sodium nitrate, as we did, from Chile, but in conse- 
quence of the large extent of land under cultivation and her liberal 
use of nitrogenous fertilisers, her demand for nitrate was more 
than six times as great as ours, and in 1913 exceeded 800,000 ton?- 

When we look more closely we see that the positions, however 
similar superficially, differed profoundly. For some years prior fo 
1914 Germany had been manufacturing cyanamide on a limited 
scale, and not long before the outbreak of war the Haber process 



reference to the fixed nitrogen industry, 433 


for producing ammonia by the direct union of hydrogen and 
nitrogen had reached the stage at which its success as an industrial 
process was assured. She also possessed in the process which bears 
Qst-wald's name the means of converting ammonia hy oxidation 
into nitric acid. Thus there existed potentially in Germany the 
means of producing unlimited quantities of ammonia and nitric 
acid, whilst our supplies of ammonia were restricted by the output 
of our gas works and coke ovens, and we were entirely dependent 
for nitric acid on the importation of sodium nitrate. So far as 
these commodities, so necessary to her agriculture and to the con- 
duct of the war, were concerned, Germany was self-contained and 
was in a position to supplement the ammonia which she obtained 
from by-product sources and to replace the sodium nitrate which 
she imported from overseas to any required extent by synthetic 
products. Although exact statistics are not obtainable, it is esti- 
mated that her production of calcium cyanamide, which was only 
■24,000 tons in 1913, had risen in 1917 to at least 400,000 tons, and 
within the same period her production of ammonium sulphate by 
the Haber process had increased from 30,000 tons to 500,000 tons. 
The development of the ammonia oxidation process in the course 
of the war was a still more remarkable achievement when it is 
remembered that it had only been tested on a comparatively small 
industrial scale when the war beg^n. There is good reason to 
believe that by the middle of 1916 the amount of sodium nitrate 
produced by Ostwald's process was equivalent to more than a 
quarter of a million tons of nitric acid per annum. 

The synthetic production of nitric acid was a necessity for Ger- 
many. By our blockade she was cut off from her overseas supplies 
of sodium nitrate, and had she been unable to make good the want 
from internal sources she would have been compelled to sue for 
peace as soon as her reserve stocks were exhausted. The develop- 
ment of the ammonia oxidation process alone made the war 
possible. It has been well said that this was a chemists' war. 

As the war progressed it was not long before the weakness of 
our position became apparent. We have seen that at its com- 
mencement our production of ammonia was far in excess of our 
requirements, and after our Navy had swept the German 
cruisers from the seas there seemed to be no longer any ground 
for anxiety as to the maintenance of our supplies of sodium 
nitrate. With the development of the submarine warfare, however, 

S' neiv situation was created. The importation of nitrate was again 
ondaiigered, and although we had still sufficient ammonia available 
® gip us hy oxidation all the nitrate we required, we possessed 
^0 jer the plant nor the technical experience necessary to effect 
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the conversion. The sodium nitrate that continued to reach uj 
was required to an ever-increasing extent for the manufacture of 
munitions, and soon there was none available for agriculture, and 
it was necessary to replace it for this purpose by ammonium sul- 
phate. The substitution of ammonium sulphate for sodium nitrate 
as a fertiliser made a further heavy demand on our surplus stock 
of the sulphate. This was also being more and more depleted by 
the ever-growing requirements of the munition factories, especially 
after the introduction of amatol, which contains as much as 80 per 
cent, of ammonium nitrate, and it became necessary to restrict 
the exportation of ammonium sulphate. The amount exported, 
which reached 325,000 tons in 1913, fell in 1916 to 259,000 and 
in 1918 to 19,150 tons, but even this did not long suffice t(5 allay 
anxiety with regard to the future. With the increasing destruc- 
tion of our corn ships, the question of maintaining our food supplies 
became one of great urgency. Steps were taken to increase the area 
of cereal cultivation and at the same time to increase by heavier 
manuring the productivity of the land already under the plough. 
The.se measures made still further demands on our stock of ammon- 
ium sulphate, and it was recognised that the time was rapidly 
approaching when the ample margin existing at the beginning of 
the war would be exhausted and the country would be face to 
face with a shortage of ammonia. Before the war ended the 
shortage was actually making itself felt. According to a statement 
made to the Committee on behalf of the Board of Agriculture, 
60,000 tons of ammonium sulphate more than was available could 
have been disposed of to farmers during the season June, 1917, to 
May, 1918. 

Thus a situation had actually arisen which, had it been sui'- 
gested at the beginning of the war, would have seemed too remote 
for serious consideration. 

We know now that under the conditions of modern warfare we 
are exposed to a formidable danger against which we can only 
adequately protect ourselves by having at command the means of 
producing ammonia and nitric acid to any required amount within 
our own shores. This is the inevitable conclusion that is forced 
upon us by a study of the facts as they unfolded themselves in 
the course of the war. 

Already in the early summer of 1916 the position was causing 
30^ rnuch ajixiety that with the sanction of the present Prime 
Minister, then Minister of Munitions, the Committee, afterwards 
known as the Nitrogen Products Committee, was appointed to 
report on the whole question of the fixation of atmospheric nitro- 
gen with reference to the needs of the country and the Empire, 
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and on the steps necessary to conserve and increase the national 
jesourcee in nitrogen-bearing compounds. Although by the terms 
li reference the scope of the Committee’s inquiry extended to peace 
^ well as to war conditions, the question that pressed for an 
iinmediate answer was how to increase our supply of ammonia, if 
necessary, during the war. Obviously one of the first steps was to 
examine into the possibilities connected with the existing sources 
of supply- The Committee, therefore, instituted an exhaustive 
inquiry into the conditions of the various industries in which 
ammonia is obtained as a by-product. Improvements in the exist- 
ing practice of recovery from the gas works; the saving of the 
animoniacal liquor which is at present allowed to run to waste from 
the smaller works; the replacement of the beehive ovens still exten- 
sively used in this country in coke-making by ovens adapted to 
the recovery of the ammonia produced in the process; the more 
extended use of coal gas and coke instead of raw coal for domestic 
and industrial purposes, were all considered, and suggestions under 
these various heads were made to the Ministry of Munitions. It 
was, however, clearly established that whilst a substantial increase 
of ammonia might ultimately be obtained from such sources, the 
immediate gain could not be great. As a matter of fact, the yield 
of by-product ammonia in this country increased by 26,000 tons 
between 1913 and 1917, the increase being due mainly to the sub- 
stitution of recovery for beehive ovens. 

Possible sources of supply not hitherto utilised, such as peat and 
sewage, were also reviewed, but no satisfactory method of obtaining 
ammonia from them on the industrial scale having yet been worked 
out, it was recognised that extensive investigation, probably 
extending over a long period, would have to be undertaken before 
the practicability of utilising them economically as sources of 
ammonia could be put to the proof. 

It remained to inquire into the possibility, as a war measure, of 
installing one or other of the processes for the fixation of nitrogen 
which were in use on the Continent, Two things had to be con- 
sidered in this connexion : the suitability of the various methods 
to the conditions of this country, and the time likely to be required 
for their installation, having regard, amongst other things, to 
the amount of preliminary experimental work involved. It was 
obvious that those processes which depend on the direct union of 
oxygen and nitrogen under the influence of the electric arc are 
'iiBuited to this country owing to the want of a cheap and abun- 
dant supply of water-power to produce the large amount of electric 
energy required. The production of calcium cyanamide, from 
^Hch ammonia is readily obtained, also requires a large expendi- 
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ture of energy, although a relatively email amount per unit of 
ien fixi as compared with the arc procr^ee. Tks, however, 
ie 3erbalanced to some extent by the abundance and cheapnee* 
of the limestone and anthracite required for its prodnrtion. 

llLngh cyanamide had never been manufactured in t n 
country the working deUils of the process were easily procurable, 
Td tk Committee felt justified, therefore, in recommending it for 
adoption as the one best suited to meet any shortage of ammon. 
that might occur during the war. This recommendation was a, 
nrst, adonted. but for reasons which I need not enter into now was 


Frot the date of the appointment of the Committee a staff of 
chemists and physicists, under the direction of Dr _J. A. Harker, 
was actively engaged in an experimental investigation of the con- 
ditions of the manufacture of ammonia by the Haber process, 
which had been introduced into Germany not long before He 
outbreak of war. This process requires the expenditure of only a 
comparatively small amount of power, and is therefore well 
adapted to the conditions of this country. It is simple in theory, 
consisting in the direct union of nitrogen with hydrogen in the 
presence'^of a catalyst at a high temperature and pressure. Those, 
however, who recall the lecture delivered by Haber at Liverpool 
ill the early part of 1914 will appreciate the magnitude of the 
physical and mechanical difficulties that had to be overcome before 
the process attained technical success. Unfortunately, the workiii« 
details were unknown to our chemists, and had to be studied experi 
mentally both from the chemical and the engineering point of view. 
The selection of a suitable catalyst, the conditions under which it 
acts most efficiently, the effect of impurities, the conditions of tem- 
perature and pressure, the influence of the rate at which the gas 
passes through the apparatus upon the yield of ammonia, the best 
method of removing the ammonia produced, the physical problems 
connected with the circulation of gases at high pressures and veloci- 
ties, were all subjected to systematic investigation. Moreover, the 
difficult problem of making provision for an abundant supply of 
cheap and pure hydrogen, which is indispensable to the process, had 
to be worked out at the same time. The new developments during 
recent years in the manufacture of hydrogen on a large scale for 


the hydrogenation of fats and oils, as well as for aviation pur- 
poses, give a special interest to the researches, carried out for the 
Committee, on catalytic processes for hydrogen production and 
purification. 

These investigations were begun in the summer of 1916, and the 
results obtained by the beginning of the following year were con- 
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^idered sa promising that the Committee included in an interim 
Report submitted to the Ministry of Munitions in February a 
recommendation for the erection of a trial plant. They were not, 
however, then prepared to put forward proposals for the establish- 
inent of the Haber process on an industrial scale. In October, 
1917, however, the Explosives Department of the Ministry of 
^lunitions felt justified by the results of the experimental work 
obtained by that date in recommending that this process should be 
adopted as the basis of a national factory for the production of 
fixed nitrogen, and the erection of a factory was actually in 
progress when the war ended. 

Much successful experimental work had also been carried out on 
the oxidation process for the conversion of ammonia into nitric 
acid and ammonium nitrate, and it was proposed to include plant 
for these purposes in the national factory. 

In the course of the experimental work carried out for the Com- 
mittee many interesting and valuable observations were made and 
many important results, both from the scientific and technical 
point of view, were obtained. When the reports describing the 
investigations are published they will be found to constitute an 
addition of great value to the scientific and technical literature 
of the subject, and will form a lasting memorial to the skill and 
energy of the chemists and physicists who took part in them. 
Although no doubt something remained to be done on the engineer- 
ing side, the fact that they should have succeeded in so short a 
time in bringing a process, which it cost the Germans so much 
time, trouble, and money to perfect, to the stage at which it was 
deemed fit for adoption by the Ministry of Munitions, was surely 
a notable achievement. 

In this connexion I may perhaps be allowed to refer to the 
death of Dr. Harold Greenwood, a Fellow of this Society, who had 
charge from the beginning of the investigation of the synthetic 
ammonia problem, and whose exceptional ability and untiring 
energy contributed so largely to the important results obtained, 

I have now traced the causes which led, as the war proceeded, 
to the gradual absorption of the surplus of ammonia which we 
produced in excess of our own needs in pre-war days, and I have 
described the action which was taken to meet the shortage which 
had actually begun to make itself felt in the course of the war. 

If I have succeeded in making the petition clear, you will 
realise that at the close of the war we were rapidly approaching a 
ensis as regards our supplies of combined nitrogen. Our huge 
surplus of ammonia had gone, and the demands of the munition 
factories and of agriculture were ever on the increase. On the 
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justified that nitrogen- xa on national defence, and 
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lurlTf w^e have withrn the country the means of produang 
S nit ogen to any extent that may be required. Our potential 
lu^L of by-product ammonia are undoubtedly very large, but the 
practicability of making use of some of them bas yet to be demon- 
Sld and the extent to which some of those wbmh are known 
o Wpable of utilisation can be made immediately available u 
very limLd. On the other hand, although the proo^^ for pro- 
during fixed nitrogen have not yet been established in tks country, 
their installation could be quickly eSected, and we should then 
be possessed of the means of indefinitely incre^ng our nitrogei 
production. To ensure the safety of the country, bowe.ver, it is 
Ucicnt in the opinion of the Committee that we shouU posses, 
experience of the working of the fixation processes and nucleus 
plant whick would be capable of rapid extension. 

Apart from the question of security in time of war, there axe 
other reasons which render it in the highest degree important that 
the synthetic processes for the production of nitrogen compounds 
should be established in this country. The demand for combined 
nitrogen for purposes other than the manufacture of munitions of 
war is greater now than before the war, and is certain to expand 
still further. This is due to a variety of causes, but mainly to the 
increased requirements of agriculture. Our pre-war consumption 
of artificial nitrogenous manures of all forms was only equivalent 
to 25,000 tons of nitrogen. Towards the end of the war it had 
risen to 60,000 tons in consequence of the addition of nearly 
4,000,000 acres to the land under the plough, and to the more 
intensive cultivation resorted to with the object of increasing the 
production of the soil. Unless we have already forgotten one of 
the lessons of the war we must continue to grow a larger propor- 
tion than formerly of the grain we require, and unless the money 
spent on agricultural education has been spent in vain we must 
expect an ever-increasing demand for artificial fertilisers. Assum- 
ing that the present acreage new under the plough is maintained 
and that nitrogenous manuring on a moderate scale is more gener- 
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^jiy resorted to, Dr. E. J. Russell estimates that eventually the 
equivalent of half a million tons of ammonium sulphate, or 
100,000 tons of combined nitrogen, -will be required annually for 
(ertilisiiig purposes alone. This increase might, no doubt, be met 
partly by increased importation of sodium nitrate, but, since our 
agriculture requires both forms of fertiliser, a large additional 
ajjiount of ammonium sulphate must be obtained from some new 
source of supply or taken from what is at present available for 

exportation. 

The maintenance of our export trade is of vital importance to 
the country, especially in present circumstances, but it is clear that 
cannot both continue to export ammonium sulphate on the 
pre-war scale and meet the growing demands at home unless we 
increase our production of ammonia. In this connexion it is to 
be remembered that during the war Germany was manufacturing 
nitrogen products far in exc^ of her peace requirements, and 
that, with the plant now set free, she is probably in a position to 
compete with this country and with Chile in the nitrogen markets 
of the world. How far she will be able to do so successfully will 
depend on economic factors which are at present unknown. It is 
certain, however, that under pre-war conditions synthetic nitrogen 
compounds could be produced at prices which compared favourably 
with those at which ammonium sulphate and sodium nitrate were 
then sold. Should this still hold good, our export trade will be 
endangered unless we are in a position to oppose British to foreign 
synthetic products. 

Having dwelt on the difficulties and dangers which during the 
ar threatened our industries dependent on nitrogen products, it 
satisfactory to be able to add that one of the most important 
jcommendations of the Committee is in a fair way of being 
:ted on. 

It is generally understood that the national factory at Billing- 
am-on-Tees, the erection of which was begun in 1918, is about 
) be acquired by an influential syndicate representing a large pro- 
ortion of the heavy chemical trade of the country. It ia the 
itention, I understand, to commence with a mod6rate^-si^ed syn- 
letic plant in which many of the details will represent notable 
aprovements on existing German practice, and ultimately to 
evelop this into a very large commercial project. In addition, the 
lanufacture of nitric acid and nitrates by the oxidation process 
ill form part of the scheme, and it will be possible to produce 
'‘om this source a considerable part of the national requirements 
f nitric acid for commercial purposes. 

Such a combination of chemical interests opens up vast possibili- 
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It is important, however, not only that eff^ should be given 
to L' spelific recommendations of the Committee with regard t. 
L established processes, but also that the re^arches begun dnnn, 
h war on processes still in the experimental sUge should I* eon- 
t imed. Many branches of the problem still cal for investigation 
lioth in the cL of the hy-prodnet and the synthetic mdnstnes 
As an instance of the former I may mention the proposal to 
prepare a smokeless fuel for domestic use by carbonising coal at. 
low temperature under conditions which would allow of 
of the Limonia. This problem is now being investigated by tie 
Fuel Research Board. Another interesting subject connected witl 
the utilisation of hy-products is the treatment of coal used at 
electric power stations for recovery of ammonia. Here the 
increased amount of fuel required when the by-products are 
recovered as compared with the amount required in direct firm; 
must be set against the value of the by-products. Yon cannot have 
both the full heating value of the fuel and the by-products. This 
is a point too often overlooked when discussing the question of 
our potential supplies of ammonia. 

Amongst tbe synthetic processes still in the experimental stage, 
which in the opinion of the Committee should be further investi- 
gated, is the interesting Hausser process, in which the heat of 
explosion of a mixture of combustible gaa and air is utilised 
bring about the union of nitrogen and oxygen without the large 
expenditure of electrical energy required by the arc processes. The 
exhaust gases from the explosion apparatus contain oxides of nitro- 
gen which can be recovered by absorption in water. By this process 
both power and nitric acid can be obtained simultaneously, 
this point of view the Committee consider that it is of sufficient 
promise to justify the expenditure necessary for further experiment 
as to the practicability of the process. 

It is idle to suppose that we can enter on the fixed nitrogen 
industries to advantage unless we are prepared to pursue an 
policy in regard to them. 
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It is satisfactory, therefore, to learn that whilst the technical 
engaged on the work of the Committee has been largely dis- 
banded, and the temporary research laboratories restored to their 
original purposes, the section of the staff engaged on the synthetic 
airunonia problem has been taken over by the syndicate already 
referred to, and is continuing under them the investigation of 
some of the remaining problems. Moreover, although the Inven- 
rions Department of the Ministry of Munitions has ceased to 
exist, a small nucleus organisation has up to the present been 
retained, and is actively engaged in applying to the post-war sitna- 
lion the information and experience on the nitrogen problem 
collected by the Committee. I may add that at the present 
inemeut a number of important fixation schemes are in course of 
development, not only in the United Kingdom, but also in Egypt, 
South Africa, Canada, Newfoundland, the West Indies, New 
Zealand, Ceylon, and India, and some of these are receiving the 
active support of the Governments concerned. 

My purpose in bringing this subject before you on the present 
occasion is not only to emphasise the importance of the con elu- 
sions of the Nitrogen Products Committee, but to direct attention 
to a wider question suggested by its inquiry. Our attitude towards 
the fixed nitrogen problem illustrates a defect in our attitude 
towards such problems generally. Where our individual intere.sts 
are not affected we are prone to be indifferent to and to overlook 
developments in other countries which in their results may be of 
vital importance to us as a nation. We are thus exposed to the 
danger of having our economic position disturbed and our safety 
hnperilled by the introduction of new factors of the importance, 
or it may be of the very existence, of which we have remained 
ignorant until they have made themselves felt by their conse- 
quences. Where particular industries are affected those who are 
immediately concerned can generally he trusted to look after their 
interests when they understand them. In matters which do not 
affect any special interest, however, biit may yet be of the grave>st 
import from the national point of view, there is no one to hold 
a watching brief for the nation. 

While the fixed nitrogen industries were being rapily developed 
on the Continent the subject attracted little general attention in 
this country. As we had an abundant supply of ammonia and 
were able to import sodium nitrate at will, our interest in the 
flew processes was purely academic. Yet our failure to realise 
their importance, and to grasp the larger aspects of the problems 
involved, nearly led to disaster. 

1 do not think we need take blame to ourselves for having 
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tailed to realise in its full extent the peril to which we were 
at the beginning of the war. That would have require! 


imaginatfon with which we as a nation are not nsuallj 
Credited tL complaint is that no consideration whatever had 
Wn given to the national aspects of the matter in relation eiths, 
to peace or war conditions, and that no precautions had been taken 

against the more obvious dangers. , 

The first person in this country to direct attention prominentl; 
to the development of the fixed nitrogen industnes ^road was ft, 
present Foreign Secretary of our Society. In a lecture delivered 
before the Pharmaceutical Society in 1910, Professor 
an account of the production of nitrogen compounds at Odda, u, 
Norway and pointed out the importance of the work from the 
national point of view. "It might naturally be expected” he 
said nhat the problem of the utilisation of atmospheric nitrogen 
shouM be considered as one of real and undoubted importance to 
the country, not only from the point of view of agnculture, but 
also as a means of supplying the necessary nitric acid for the 
manufacture of explosives. ... Yet there do not appear to be any 
signs that the matter is regarded as one of national importance. 
Detached notices of the various methods of synthesis employed had 
no doubt appeared from time to time in the journals and papers 
at an earlier date, and in 1906 Professor Frankland, in an address 
to the Society of Chemical Industry at Birmingham, gave a short 
account of the methods that had been proposed before that date 
for utilising the nitrogen of the atmosphere, but Professor Cross- 
ley’s lecture was, I believe, the most complete account of these 
new industries published in this country before the war. 

In the early months of the war the nitrogen question was con- 
sidered by a Committee of the Board of Agriculture, and it was 
soon discovered how imperfect was the information on the subject 
available in this country. This Committee sought the aid of the 
Chemical Society, and Dr. Scott, then President, was fortunate in 
obtaining the assistance, amongst others, of Mr, G. S. Albright, 
who afterwards rendered invaluable service as a member of the 
Nitrogen Products Committee, in preparing a Report on the sub 
ject for the Board of Agriculture. This report was placed at a 
later date at the disposal of the Nitrogen Products Committee, 
which commenced its sittings in the summer of 1916 and was 
engaged during the next three years in the long and elaborate 
inquiry which led to the conclusions we have been considering this 
afternoon. 

In the enurse of its inquiry the Committee was constantly con- 
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fronted witli the difficulty of obtaining accurate statistical and 
other information relating to the various industries concerned with 
the production of nitrogen compounds. The figures on which 
the Report is largely based had to be laboriously collected from 
j^any different sources. Much valuable information was obtained 
from the returns of the Chief Inspector of Alkali Works and other 
official sources, but in not a few instances figures which would have 
materially assisted the inquiry were altogether unprocurable. Thus, 
to take only one example, when considering the possibility of 
increasing the supply of ammonia from by-product processes, it 
was desirable to obtain information as to the allocation of the 
coal consumed in this country by different industries and classes 
of consumers, but no trustworthy figures were available on the 
subject, It is unnecessary to dwell further on the importance of 
pressing for the adoption of the strong recommendations which 
the Committee has made on this subject to the effect that annual 
statistics of the nitrogen and other industries of the United 
Kingdom should be officially collected and published. 

It was, however, not statistical information only that was 
lacking. With the exception of the lecture I have already referred 
to. which was necessarily limited in its scope, we possessed at the 
beginning of the war no adequate account of the state of the 
nitrogen industries on the Continent. For that the Committee had 
to tro to a “Report on the Utilisation of Atmospheric Nitrogen,” 
by Thomas H. Norton, American Consul at Chemnitz. This Report 
was issued by the Bureau of Manufacturers of the Department of 
Commerce and Labour of the United States in compliance with 
an Act of Congress of 1911 authorising investigations of trade 
conditions abroad. It contains a large amount of valuable informa- 
tion regarding the experimental details and industrial prospects of 
the various fixation processes which had either achieved success 
or were still in the experimental stage when the Report was com- 
piled in 1912. Although it had no special reference to the condi- 
tions in this country it was nevertheless of the greatest use to the 
Committee as affording a comprehensive survey of the position of 
the fixed nitrogen industries on the Continent shortly before 
the war. 

Amongst the officers of his ideal State, “The New Atlantis,” 
Bacon included twelve whose duty it was to sail into foreign 
countries and bring back the “hooks and abstracts and patterns 
of experiments of all other parts.” These he called “ Merchants of 
Light.” We, too, have need of our Merchants of Light. Is it 
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too much to hope that some effective combination of the Depart 
ments concerned with the technical and scientific work of the 
nation may yet be devised for the purpose of keeping us in close 
touch with new developments abroad with which it is desirable in 
the interests of the State that we should be acquainted 1 
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SIR WILLIAM CROOKES, O.M.* 

Bohn June 17th, 1832; Died April 4th, 1919. 

The author of a succession of papers published by the Royal Sociely 
and other scientific bodies extending over sixty -seven years (from 
1851 to 1918), to say nothing of a number of technical treatises in 
the form of large volumes, must have been a man of remark- 
able industry as well as intellectual qualities, and those who believe 
in the influence of heredity will therefore be disposed to look for 
some indication of the ancestral origin of these qualities in the 
famous man who has so recently passed away. 

His father, Joseph Crookes, bom in 1792, the son of a small 
tailor in the north of England, came to London a poor boy. He 
was evidently a man of brain and energy, for the tailor's business 
he established proved so prosperous that when he died in 1884, al; 
the age of ninety-two, he was a rich man. Joseph Crookes married 
on February 24th, 1831, at Aynhoe, Northamptonshire, as bis 
second wife, Mary Scott, and from this lady he had a second 
family of several sons and daughters. William was her firstborn, 
and resembling her in feature and in disposition, it may be 
sumised that he derived some of his characteristics from her. 

There^is but little to say concerning William Crookes’s early 
years. Improbable as it may appear, he always maintained that 
he remembered learning to stand and to walk. Such regular educa- 
tion as he received was obtained at a grammar school at Chippen- 

he satisfi H an architect, but in the end 

he ^tisfied his inclination for experimental work, already indicated 

mlnril V! under Hof- 

ordinary progress, as in 1851 his first paper appeared in three 

Reprinted by permission from the Proceedings oj the Royal Society. 
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fierman cliemical journala to which it was communicated, doubtless 
Hofmann. The English version was printed in the Quai tniy 
Journal of the Chemical Society (1852, 4 , 12), “On the Seleno- 
(>yanides, by William Crookes, Esq., Assistant in the Royal College 
of Chemistry. “ This position as assistant he retained from 1850 
to 1854. He then went to Oxford for a short time as Super- 
intendent of the Meteorological Department at the Radcliffe 
Observatory, and in 1855 he became Lecturer on Chemistry at the 
Chester Training College. 

In 1856 he married Miss Ellen Humphrey, a native of Darling- 
ton, whose acquaintance he had made some years earlier as a school 
friend of his cousin. They were married on April 10th, 1856, at 
the Parish Church of St. Pancras, Middlesex, and began house- 
keeping at Brompton. They removed to 20, Morningtoii Road, 
X.W., and afterwards to 7, Kensington Park Gardens in 1880, and 
this was their home to the end of their lives. In 1859 he brought 
out the first number of the Chemical News, of which he remained 
sole editor until 1906. 

In the meantime he seems to have been much occupied with the 
study of phenomena connected with the nature and effects of light, 
for several papers relating to photography were published between 
1853 and 1857. Soon after this, the employment of the prism in 
recognising and distinguishing volatile substances in flame was 
introduced by Bunsen and Kirchhoff, and the discovery of rubidium 
and csesium in the water of the Diirkheim spring was announced 
by Bunsen in 1860. On applying the spectroscope to the seleni- 
ferous material from the vitriol works at Tilkerode (Harz), which 
had been given to him by Hofmann some years previously, and 
which he had used as the source of selenium in his work on the 
selenocyanides, Crookes observed a new green line which led him 
t» the discovery of thallium. The first announcement of the exist- 
ence of a new element appeared in the Chemical News, March 30th, 
1861. It was originally suppose to be related to sulphur, but 
the discoverer soon saw fit to alter his opinion, and the specimens 
exhibited in the International Exhibition, 1862, and to which a 
medal was awarded, were labelled Thallium, a new metallic element. 
The discovery was interesting from several points of view. The 
use of the spectroscope was novel and the properti^ of the new 
metal were strange, exhibiting as it does the appearance and 
a-pproximately the density of lead, some of its salts resembling 
those of lead and mercury, whilst others are perfectly similar in 
solubility and crystalline relations to the salts of the alkali metals. 
The discovery of thallium at once secured for William Crookes a 
recognised position in the scientific world, and in 1863 he was 
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elected F R S. Obviously the first task which lay before him \\as 
the investigation of the chemical and physical properties of the 
new element and its sources in nature. Among the most important 
of the physical constants to be determined was the atomic weight, 
and the remarks on the subject contained in Prof. F. W. Clarkes 
“Constants of Nature^’ (Smithsonian Institution, 1882) may 
properly be quoted here. '‘In 1873, Crookes, the discoverer of 
thallium, published his final determination of its atomic weight. 
His method was to effect the synthesis of thallium mtrate from 
weighed quantities of absolutely pure thallium. No precaution 
necessary to ensure purity of materials was neglected; the balances 
were constructed specially for the research; the weights were accu- 
rately tested and all their errors ascertained; weighings were made 
partly in air and partly in vacuo, but all were reduced to absoluU 
standards, and unusually large quantities of thallium were 
employed in each experiment. , . . Suffice it to say that the 
research is a model which other chemists will do well to copy. . . . 
Hence, using the atomic weights and probable errors previously 
found for N and 0, Tl = 203-715±-0365. If 0 = 16, Tl=204-183. 

. Crookes himself, using 61-889 as the molecular weight of the 
group NOg, gets the value Tl = 203-642; the lowest value in the 
series being 203-628 and the highest 203-666, an extreme variation 
of 0’038. This is extraordinary accuracy for so high an atomic 
weight, at least as far as Crookes’s work is concerned.” 

This passage illustrates the spirit which animated Crookes s 
work throughout. Nothing short of the highest attainable accuracy 
ever satisfied him. 

The use of the vacuum balance, however, was attended by un- 
expected phenomena, which occupied his attention for many years 
afterwards and led to the discovery of the radiometer in 1875. 
This was described in a paper entitled “On Attraction aad 
Repulsion resulting from Radiation,” communicated to the Royal 
Society on March 20th, 1875. A Royal Medal was awarded to 
Crookes at the Anniversary Meeting in the same year. The Presi- 
dent in presenting the medal referred to the instrument in the 
form in which it has been since familiar, namely, with the four- 
armed fly mounted on a sharp point and having the vertical disks 
at the ends of the arms blackened on one side. He also remarked, 
“it is the mystery attending this phenomenon that gives it its 
great importance.” Great interest was manifested by many 
experimenters in the phenomena observed, and there were many 
attempts at explanation. In the end, the hypothesis put forward 
by Dr. G. Johnstone- Stoney, according to which the repulsion is 
due to the movements of the molecules of the residual gas acting 
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lifferentiftlly on the two surfaces of the movable disk, was 

.ccepted. 

lu a footnote to one of his papers (/Voc. i?oy. Soc., 1876, 25 , 
i08)) Crookes drew attention to the properties of highly attenuated 
ras and expressed the view that the phenomena indicate the 
Existence of a fourth state of matter as far removed from the 
condition of gas as gas is from liquid. 

In all the numerous experiments connected with this investiga- 
ion Crookes was assisted by Mr. C. H. Gimingham, whose 
nechanical dexterity and skill as a glass-blower were quite remark- 
Gimingham joined the Swan Electric Light Company in 
[S81, but unhappily died a few years later. 

The phenomena exhibited by the electric discharge in rarefied gas 
aad long been familiar, and had been studied by Plucker, by 
[littorf, and other physicists. It was natural that in the examin- 
ition of the properties of highly attenuated gas the phenomena 
exhibited by electric discharge through such media should receive 
Crookes’s attention, and- in the paper in which his first experi- 
ments in this direction were described {Proc. Roy. Soc., 1879, 28 , 
110), he was led to theoretical speculations on the ultra-gaseous 
itate of matter. In this paper, the dark space which appears 
round the negative pole was the subject of experiment, and was 
found to enlarge as the exhaustion proceeds, whilst the phosphor- 
escence excited on the glass walls of the tube diminishes and 
ultimately disappears. The dark region round the electrode has 
since been known as the Crookes, or cathode dark sjHice, The rays 
from the cathode may be made to converge by the use of an 
aluminium cup, and the result is the production of a green phos- 
pHoreseent spot on the glass; the rays, travelling in straight lines, 
cast a strong shadow from any object placed in their path. The 
rays when concentrated also develop great heat, which may rise to 
tile melting point of platinum. 

In 1880 the French Academie des Sciences awarded Crookes an 
extraordinary prize of 3000 francs and a gold medal in recognition 
flf his discoveries in molecular physics and radiant matter. In the 
years following 1880 he continued the active investigation of the 
phenomena exhibited by gases in a highly attenuated state, and 
■'Juong other properties he studied the heat conduction and viscosi- 
iss of gases in this condition. He also examined the phosphor- 
scence exhibited by many substances when exposed to the dis- 
liarge from the negative pole in a highly exhausted tube; and in 
he Bakerian Lecture for 1883, speaking of this discharge as 
ridiant matter,’' he considered that the particles flying from the 
^^hode were of the dimensions of molecules. 
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F^tr years he was occupied in tracing by the spectroscopf 
the changes noted, and he was leii to attempt the separation of 
some of the earths, notably yttria, into the components of whi4 
they were supposed to consist, by means of a very elaborate systejn 
of chemical fractionation. The result of ail this work led him to 
speculations as to the characters of the elements and the existence 
of a class of bodies which he called “ meta-elements/' These meta- 
elements he regarded as composed of atoms ‘ almost infiniteh 
more like each other than they are to the atoms of any ot)i<>r 
api)roximating element. It does not necessarily follow that tie 
atoms shall all be absolutely alike among themselves. The atomic 
weight which we ascribe to yttrium therefore merely represents s 
mean value around which the actual weights of the individual 
atom.s of the ‘element’ range within certain limits. But if mv 
conjefcture is tenable, could we separate atom from atom we should 
find them varying within narrow limits on each side of the mean, 
This view was put forward in the Presidential Address to tin 
Chemical Society, 1888, the whole of which even now, after thirti 
years, would repay perusal The possibility of the evolution of thf 
elements from a primal elementary protyl or urstoff is a proposi- 
tion which has been discussed from the most, ancient times, hut th 
chemist had little positive information as to the inter-relation 
among the recognised elements before the conception of the periodk 
law. Taking an idea from Prof. Emerson Reynolds for the 
diagrammatic display of the periodic relation of properties to 
atomic weight, Crookes produced a figure of eight curve, on which 
the symbols of the elements are placed at intervals so that the 
members of natural families fall into position vertically over one 
another. 

Oil this curve the meta-elements would be ranged in groups or 
clusters close together. Radioactivity had not been discovered 
when this address was composed, but something approachisf 
Oookes’s idea has been realised in more recent times by the dis- 
covery of ivsotopes among the products of the disinter ation of 
radioactive elements. For his researches on the behaviour of sub- 
stances under the influence of the electric discharge in a high 
vacuum, with special reference to their spectroscopic behaviour, 
the Davy Medal was awarded to Crookes by the Royal Society in 
1889. 

The discovery of argon by Rayleigh and Ramsay in 1894, and 
of helium by Ramsay in 1895, opened a new field, and Crooket 
being recognised as the most experienced observer of spectra 
the highest English authority in this direction, the new gases were 
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,t once submitted to him, and the identity of terrestrial with solar 
telium was established finally by his examination, 
goon after this time the brilliant researches of J. J. Thomson 
trew an entirely new light on all the difficult spectroscopic quea- 
ions which had been so patiently and so successfully examined by 
>ookes. It became clear that the particles projected from the 
athode were much smaller than any known atoms or molecules of 
)rdinary matter, and were, in fact, the minute bodies called 
(lectrons. On this point, Crookes in a paper on the '"Stratifi- 
lations of Hydrogen” [Proc. Poy. Soc.^ 1902, 69, 411), expressed 
limself in the following terms : ‘‘In twenty-five years one’s theories 
nay change, although the facts on which they are based remain 
mmovable. What I then called ‘ Kadiant Matter ' now passes as 
Electrons,' a term coined by Dr. Johnstone- Stoney to represent 
ie separate units of electricity which is as atomic as matter, 
\Vhat was puzzling and unexplained on the ' Radiant Matter ’ 
ieory is now precise and luminous on the ‘Electron' theory.” 
And by application of this theory the stratifications of hydrogen 
yere explained. 

The discovery of radioactivity by Henri Becquerel and of radium 
by Madame Curie towards the end of the century naturally 
ittracted Crookes’s interest and attention. On examination of 
iiraiium salts, some specimens were found to be much more radio- 
ictive than others. It was soon found that the radioactive con- 
stituent is precipitated from a solution by ammonia, and on add- 
ing excess of the reagent, a small, insoluble, light brown pre- 
cipitate is left which exhibits strong radioactive properties, whilst 
the uranium salt remaining is almost inactive. A year later the 
uranium had regained its activity. To the active substance the 
name uranium- A was given. Whatever be its nature, it is evident 
that uranium owes its usual activity to the presence of this sub- 
stance which is generated from it, and the separation of which 
depends on the readiness with which it attaches itself to pre- 
cipita‘.^, especially ferric hydroxide, when iron is present as an 
imp^ity in the uranium compound employed as material. The 
Jpiff following, Crookes, continuing his observations on the eman- 
^ions of radium, discovered the effects produced by the a-rays on 
1 surface of hexagonal blende (zinc sulphide), and invented the 
tie instrument, which he called the spinthariscope, by which the 
imber of scintillations can be counted, each spark being produced 
' one a-p article. 

The researches on the spectra and other characters of the rare 
rtlis occupied more than twenty years, and one result was a very 

VOL. cxvn. R 
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the G1 J Workers' Cataract Committee of the Royal hocrety was 
Wun in 1909. The main object was to prepare a glaa, which will 
ffoff those rays from highly heated molten /‘“Jf 

the eyes of workpeople. This involved a study of the effects of tip 
addiln of a large number of metallic oxides to - 
specially prepared for the purpose by Mr. H. Powell, of the WMe 
friars Glass Works. The problem was to prepare a glass wh.el 
would cut off as much as possible of the heat radiation, and at tie 
same time he opaque to the ultra-violet rays, whilst the col™, 
would be scarcely noticeable when used in sp«itacles In the result, 
a series of eighteen different recipes were provided which meet, 
more or less fully, the three re^iuirements contemplated, these 
have been found to be, in practice, very beneficial to the workers. 

We may now recall some of the subjects which at various times 
were studied by this untiring worker, outside the course of researcli 
which may be supposed to have represented his predilection. 

It should not be forgotten that when quite a young man he wa, 
appointed by the Government to report on disinfectants and their 
application to the arrest of the cattle plague in 1866, and that he 
was responsible for the recognition of the antiseptic value of pheno 
or carbolic acid. 

The diamond has been ever a subject of interest, not merely o 
the jeweller, but to the mineralogist and chemist, owing to the 
mystery in which, up to recent times, its origin and formation 
were involved. In a visit to Kimberley in 1896, Crookes spent 
nearly a month in the mines studying the question of the origin 
of the mineral, and again in 1905, on the occasion of the visit o 
the British Association, he pursued the same inquiry. In 1893 the 
late Prof. Moissan demonstrated the production of diamonds h) 
crystallisation of carbon from molten iron under pressure, am 
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Crookes showed that the residue of cordite exploded in a closed 
steei cylinder contains crystalline particles possessing the form^of 
diamond. He published an interesting little book on diamonds 
iQ 1909. ... . ^ 

Another subject in connexion with which he did good service 
the importance of producing and applying to the land much 
larger quantities of nitrogen in the form of nitrate in order to 
increase the supply of wheat. “The Wheat Problem’' was one 
theme of his Presidential Address to the British Association at the 
meeting at Bristol in 1898, and his views on the subject were 
embodied in a volume published a year later, in which he was able 
to reply to the various critics who in the meantime had questioned 
some of his conclusions. Though, doubtless, some of his most 
startling statements admit of modification, the problem still 
remains a topic of supreme interest to the agriculturist and to the 
world at large. 

It would be almost impossible to enumerate all the various 
directions in which Sir William Crookes (he received the honour 
of knighthood in 1897) occupied himself in connexion with problems 
of public interest or as expert adviser to the Government, but, in 
passing, may be mentioned his work on the disposal of town sewage, 
Ms reports on the composition and quality of daily samples of the 
water supplied to London from 1880 to 1906, and his services as 
Consulting Expert on the Ordnance Board from 1907 onwards 
during the period of the war. Nor should it be forgotten that the 
office of President is in many learned societies no sinecure. In 
presiding over the Chemical Society (1887-1889), the Institution 
of Electrical Engineers (1890-1894), the British Association (1898), 
the Society of Chemical Industry (1913), and, finally, the Royal 
Society (1913-14-15), Sir William paid close attention to all the 
multifarious details of the business of each society. He also 
sensed as Honorary Secretary to the Royal Institution from 1900 
to 1913, and as Foreign Secretary to the Royal Society from 1908 
to 1912. Every man of science among his contemporaries will be 
ready to affirm, therefore, that the numerous honours which were 
ihowered on Crookes by the most distinguished academies and 
i^iversities in the world were well earned and very fittingly con- 
ferred. He received from the Royal Society the Royal, the Davy, 
nid the Copley Medals, and from the Royal Society of Arts the 
Albert Medal, and finally, in 1910, the Order of Merit was conferred 
Mm by the King. 

Crookes's whole scientific career is interesting, apart from the 
'-'alue of his discoveries, as illustrating the fact that to a man of 
genius the character of his early education has but little influence 

B 2 
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oii*his acKievementa. As mentioned already, lie left school at the 
early age of fifteen, and at once specialised in a single hranch of 
science Tender a teacher eminent in his own line, but from whoa 
the young student seems to have derived little but the advantao^ 
of example, for the subjects to which Hofmann devoted his energies 
appear to have had but little attraction for Crookes. Unlikf 
W. H. Perkin, who also entered the college at about the age oi 
fifteen with equally imperfect general education, he never seea? 
to have been attracted by organic chemistry, and to the end of his 
life remained practically ignorant of this branch of science. The 
genius displayed by Crookes was, however, accompanied by unusual 
indejjendence of character, which was displayed in a variety of 
ways, not only in the course taken by his own researches, but hv 
his attitude toward the statements and pretensions of others. 
Nothing seemed too improbable to escape his attention, and of this 
the time and trouble he was tempted to expend on the pretended 
transmutation of silver into gold some twenty years ago is 
sufficient illustration. The same liberality of spirit made him very 
tolerant, and perhaps not always sufficiently critical, in regard to 
articles in his paper, the Chemical 


Here we must add that no account of William Crookes’s life 
a scientific man would be complete, and less than justice would be 
done to his personal character and independence of spirit, if all 
reference »/ere omitted to the investigations in which, early in bis 
career, he became involved concerning the phenomena of so-calle 
"'Spiritualism/' The Quarterly Journal of Science for July, 187( 
contains an article under the title, “ Experimental Investigatioi 
of a New Force, " in which Crookes describes experiments under 
taken with Mr. H. D. Home, a “medium” well known to ih 
public at that time. At one of the earlier s^an-cee the experiment! 
were made in the presence of Dr. Huggins (afterwards Sir Willian 
Hvggias, Tresident of the Royal Society), Serjeant Cox, proprietoi 
and ^nductor of the Law Times and Recorder of Portmouth, om 
of Crookes's brothers, and his chemical assistant. Later, in 
January, 1874, the same journal published “Notes of an Enquiry 
into the Phenomena called Spiritual during the years 1870-73;’ 
with the signature William Crookes. , 

Anyone who has read these articles can realise the shock which 
was experienced by the scientific world on learning the character 
0 the statements contained in them. Here was a well-known man 
of science a Fellow of the Royal Society, the discoverer of thata. 
nprf^» H chemists had had time to become 

that in his 

P ence things nad been seen and done which everyone wouW 
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f 0 gard as contrary to well-established natural law and to all 
ordinary experience. 

It is perhaps not surprising that Crookes was publicly attacked 
jn a violent manner, but he was able to show that many misrepre- 
sentations and misstatements were made which everyone must now 
perceive were wholly unjustifiable. The story of his experiences 
as told hy him is supported by evidence which would be accepted 
as conclusive if these statements related to any scientific work or 
to any ordinary occurrence. Crookes himself never withdrew or 
altered his statements concerning the phenomena he had witnessed, 
and in his Presidential Address to the meeting of the British 
Association at Bristol, so late as 1898, he reiterated his conviction 
as to their reality. This conviction he retained to the end of his 


life. He was President of the Society for Psychical Besearch in 
1897. His view, if he really had a settled opinion, as to the ex- 
planation. of these strange phenomena cannot be given in his own 
words, but the view of Mr. Serjeant Cox on the theory of what 
lie called psychic force is given very clearly at the end of these 
"Notes,” and it appears probable from the prominence given to 
this exposition that it represents very nearly the opinion of 
Crookes himself. Perhaps the last few lines are sufficient to quote 
iu this place, as probably views may have changed during the forty- 
6 ve years since they were written. The passage is as follows; 
“The difference between the advocates of psychic force and the 
Spiritualists consists in this — that we contend that there is as yet 
insufficient proof of any other directing agent than the Intelli- 
gence of the Medium, and no proof whatever of the agency of the 
Spirits of the Dead ; while the Spiritualists hold it as a faith, not 
demanding further proof, that the Spirits of the Dead are the sole 


agents m the production of all the phenomena. Thus the con- 
troversy resolves itself into a pure question of fact; only to be 
determined by a laborious and long-continued series of experiments 
and an extensive collection of psychological facts.” 

It IS unnecessary to pursue the subject further, but as Crookes 
made no s^et of his views, and his credibility in regard to all 
>tter questions, scientific or otherwise, has never been impugned, 
ps bit^rapher would not be justified in doing more or less than 
® place on record such statements as appear to represent fairly 
te position he had assumed, and certainly no biographer would be 
«pected to pronounce any opinion other than that which he 
Wes to have been entertained by the subject of his notice, 
dy the death of Sir William Crookes on April 4 th, 1919, the 
^ scientific pioneer. His age was far advanced, 
tJie loss of his wife some three years earlier had been a severe 
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blow, from which he newer completely recovered, so that when ia 
January last year his friends learned of his increasing weakness, it 
was with the sad conviction that the end was not far off. 
touching dedication prefixed to his little book on Diamonds was ag 
indication of the domestic happiness which throughout accoTg. 
panied his long and active career. 

W. A. T, 


THOMAS FAIRLEY. 


Born 1843; Died February 21st, 1919. 

Thomas Faiulev, who died on February 21st, 1919, at the age of 
seventy-six, had been a Fellow of the Society since 1865. 

He was born in Glasgow, and received his school education in 
the Free Church Training Coilege of Edinburgh, where, as is iadi- 
cated by still extant evidence, he distinguished himself in classica’ 
study as well as in mathematics and physical science. He tad 
begun to amuse himself with chemical experiments in early child- 
hood, and his early acquired chemical taste led him, on leaving 
school, to become first a student with, and subsequently an a-ssistarl 
to, Lyon Playfair at Edinburgh University. After some iimo 
spent thus he migrated to Leeds to become a teacher in the 
Grammar School there- and lecriirer in chemistry in the local 
School of Medicine. At the same time he began to practice as a 
chemical consultant, and when the Sale of Food and Drugs AH 
of 1873 came into operation, he was appointed Public Analyst for 
Ueds and the North Riding of Yorkshire. At a later date he 
became official Agricultural Analyst under the Fertilisers anti 
Feedings Stuffs Act for both the North and West Riding, having 
many years previously acted as consulting chemist to the 
Yorkshire Agricultural Society, 

He had acted both as Treasurer and as Chairman of the York- 
shire section of the Society of Chemical Industry, of which seeietv 
he also became Vic^Prosident ; also as President of the Leeds 
Naturalists P.eU Association, and as Chairman of the Leeds 
Insbtute of Science, Art. and Literature, and while hoMinj tki 
office he was elected Chairman of the Council of the Assodatio. 
of T«hnma Institutions of Great Britain and Ireland in 1908, 
the Tr*tyt "'/rl examiner during the earlier days of 

Wv in ht “ “<1 became a Vic.President of th.l 
y. welfare of which be always toob an actjye and cordielj 
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interest, and he was President of the Society of Public Analysts 
jti 1903 and 1904. 

Fairley’s ©arli^t contribution to chemical literature was a paper 
0 ^ "The Action of Hydrogen on Organic Polycyanides” (7oum. 
Chem. Soc.f 1864, 17 , 362). This paper incidentally records the 
first successful attempt at the synthesis of cyauoform, which the 
author prepared by heating together chloroform, potassium 
cyanide, and alcohol at 100° under pressure. Fairley’s experiment 
appears to have been successfully repeated seven years later by 
pfanhuch (/. pr. Chem,, 1871, [ii], 4 , 38). Further contribu- 
tions to the Journal were: ‘'Analysis of Water from the ‘Old 
Crescent Well,’ Harrogate” (1875), “A New Oxide and Acid of 
Pranium ” (1876), and “Study of Hydrogen Dioxide and of 
Certain Peroxides, including Experiments to determine the Heat 
of Formation of the Oxygen Molecule” (1877). 

To the TraTiBoctiom of the British Association he contributed 
papers on: “Organic Cyanides” (1865 and 1868), “The Use of 
Platinum Black in the Preparation of Fvthylene Diamine” (1868), 
“Preparation of Olefiant Gas” (1868), “Preparation of Cyanogen 
and Hydriodate of Cyanogen” (1870), “Hse of Platinised Char- 
coal in the Hydrogenation of Cyanogen” (1870), and “The 
Distillation of Sulphuric Acid ” (1870). 

To the Jenirnal of the of Chemical Indmtry he con- 

tributed: “Note on the Detection of Certain Adulterations in 
Dyestuffs ” (1886), “ On the Estimation o'' Sulphur and Impurities 
in Coal Gas” (1886), “On the Various Fpvms of Filter-pumps or 
Water-jet Aspirators” (1887), “On the Impurities of Coal Gas” 
(1892), “ Note on the Durabilities of Platinum-Iridium Vessels in 
Laboratory Use” (1896), and “The Manufacture of Ammonium 
titrate by Double Decomposition” (1897). 

Published in the Analy^it were the following papers: “Note on 
the Estimation of Chlorine in Water” (1893), “Arsenic Estim- 
ation relating to Malt-kilns” (1901), “Notes on the History of 
Distilled Spirits, especially Whiskv and Brandy” (1905), and “On 
file Phosphates in Certain Vinegars, and the Materials used in 
their Manufacture” (1909). The paper on the distillation of 
spirits was one recording the results of interesting antiquarian 
research into the early antecedents of an industry which at about 
that time was the subject of much legal contention and of a 
monumental official investigation. 

A paper on “The Water Supplies of Yorkshire” was contributed 

1898 to the Journal of the Federated IristituU of Brewing, 

Various other notes from Fairley’s pen appeared at various timee 
111 th^ Chemical and Pharmaceutical J ournalf and h® was 
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one of t»h© contributors on subjects connected with laboratory 
apparatus to Thorpe’s “Dictionary of Applied Chemistry.’* 

As gas examiner to the City of Leeds, he became interested in 
questions relating to the manufacture and purification of coabg^g 
to which he devoted a good deal of practical attention. 

His health and activity were well maintained until 1911, when 
he had an illness from the effects of which he never completely 
recovered. 

B. Dyeh, 


WALTER AVILLIAM FISHER. 

Born 1842; Died February 7th, 1920. 

Walter^ William Fisher, Aldrichian Demonstrator in the 
University, Oxford, who died on February 7th, in his seventy- 
eighth year, had been a member of the Society since 1872 
He was educated at Worcester and Merton Colleges Oxford 
where he trok a first class in chemistry in the School of Natural 
Science in 1870, and in the following year also succeeded in takicj 
a class in Greats, ’ and he was shortly afterwards elected ! 

to^hria°t “sistaiit 

bv ie kt was appointed 

strair in C^m Demon- 

IZh he continued to hold until te 

S at bLv^ "'T; ‘“hurer in chem- 

s ry at BaJhol, and he served from time fimQ 1.1 > 

penj:‘r: - -- 

paltn""!:™’ -hribuW 

chforide” (1878rrd'to Z 1° Tetra. 

"Anhydroi Oxalic Aci^- L w' T 

usiri "1, ‘riL s: ““ -'■i- “> 

several papers from him on thi "“her-bearing strata, 

time to time in the Amlv^f t s«l>jeot having appeared from 
from the Chalk ” (Anai,J {qq!) ^ n ^'haline Waters 

a. c.„ oLSViS;- ™ w.,„ 

■■d «“b?, aSS’ "'fT*' “ • -I” •■■'I* 

y lony years Bublic Analyst for the counties 
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of Oxford, Berks, and Bucks, and also for the City of Oxford and 
for boroughs within the area of the aforesaid counties. 

He was a man of fine physique, and in his early days was dis- 
tint^uished as a college oarsman, as well as on the running path; 
whilst during eleven years' volunteer service in the Ist S\irrey 
Rifles in his early days he won numerous shooting prizes. 

His life was lived mainly within his university, and he was less 
well known in the general chemical circle than were many of his 
contemporaries. But by those who came within the range of his 
genial personal friendship he was much loved and will be sadly 
missed. 

B. Dver. 


ANTOINE PAUL NICOLAS FRANCHIMONT, 

Born May 10th, 1844; Died July 2nd, 1919. 

Antoine Paul Nicolas Franchimont, Professor of Organic Chem- 
istry in the University of Leiden and an Honorary Foreign Mem- 
ber of the Chemical Society, was born at Leiden on May 10th, 
1844. He came of an old French refugee family, who after 1687 
migrated to Holland from the neighbourhood of Spa, where the 
ruins of their ancestral castle, The Franchimont," still exist. His 
father was the minister of the French Church at Leiden, and had 
married the daughter of a Dutch pastor. The young Antoine was 
a weak, fragile child, too frail to be sent to school in his early 
years, and hence owed his primary education mainly to his father. 
In his later boyhood he attended the Lyceum, the principal public 
school of Leiden. It was intended that he should become an 
apothecary, and he gained his diploma in 1864, but after a few 
years' service he relinquished that occupation and entered the 
University of Leiden as a student of chemistry, obtaining his 
doctorate in 1871 for a thesis on “ Contributions to the Knowledge 
of the Origin and Chemical Constitution of the so-called Turpen- 
tine Resins." His first teacher was Van der Boon Meach, a 
chemist of the old school, whose contributions to experimental 
chemistry were almost wholly concerned with mineralogical or geo- 
chemical subjects. Organic chemistry was scarcely studied at 
Leiden in thwe days. 

Accordingly, Franchimont proceeded to Bonn, where his zeal and 
ability were quickly recognised by Kekule, to whom he became 
private assistant. He remained at Bonn about eighteen months, 
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ff agriculture at Wageningen. but in the following year was. called 
to l eiden to fill the newly-created chair of organic chemietry, 
IbLhed on the retirement of Van der Boon Mesch. a position 
which he continued to occupy until his retirement on reaching tt. 

'®Srnl’lnt?’isl!iation with Kekule may ^ to hav, 

influenced his whole career. It had a no less 

status and development of organic chemistry in Holland^ He 
entered on his professorship at a momentous epoch m the history 
of chemistry, and he was not insensible to the opportunity whid, 
the times had brought him. He came to be regarded as a mission- 
arv in the new movement which Kekule initiated, and he made 
T,eiden the most progressive school of modern chemistry in the 
Netherlands. His success may be judgeil from the number and 
variety of his published contributions to its chemical literature, 
and from the character of the men who were attracted by his 
teaching— among them may be named Lobry de Bruyn, van Rom- 
bnrgh, Holleman, Klobbie, van Erp, Backer, and others who have 
occupied teaching positions in Holland or who have associated 
themselves with its industrial development. 

Franchimonfc was an excellent teacher and an admirable lec- 
turer, enthusiastic and inspiring. His lectures were always care- 
fully prepared according to a well-considered scheme, and he spared 
no effort to make them interesting and profitable. Advanced 
students could always learn something from his methods, from the 
originality of his views and the wide range of his knowledge ; whilst 
beginners, although they might at times be perplexed by tie 
rapidity of his utterance, and his quick-change blackboard practice, 
chalk in one hand and sponge in the other, could not fail to be 
impressed by his evident mastery of his subject. 

It was, however, in the laboratory that his influence was mairly 
felt. He seemed to take a special interest in the work of each 
pupil, and regularly went his rounds twice a day. Like Kekule. 
for whose methods he always expressed great admiration, he 
attached much importance to cleanliness and neatness of manipu- 
lation, qualities which characterised his own work. The Leiden 
laboratory, when he retired in 1914, showed few signs of wear 
although some hundreds of students had passed through it since 
its opening in 1901. 

His activities were, however, affected in the outset by various 
adverse circumstance, and it says much for his energy, perseveT* 
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anoe, ^nd patience that he should have been able to accomplish 
<10 much. During the greater part of his career at Leiden he was 
tampered by the conditions under which he had to work; the old 
laboratory was small and poorly furnished and lacked the structural 
fittings and appliances of modern methods of research. Holland 
at that period had relatively few openings for a career in chem- 
istry, and the number of those who occupied themselves in the 
pursuit of that science as a profession was consequently small. 
Hence there was little public pressure on the Government to build 
and equip chemical laboratories of a type demanded by the times. 
As regards Leiden, the State seemed content for years to allow it 
to live on the traditions of Boerhaave. Fran chi mont must fre- 
quently have sighed for some of the arrangements he had learned 
to know and to appreciate in the spacious temple, which, under 
the inspiration and guidance of Hofmann, had been erected in the 
poppelsdorfer Allee in Bonn. But everything comes to him who 
v(faif:s. After many and long delays his hopes and wishes were 
(rratified, and, thanks to his industry and zeal, Leiden now possesses 
ail admirably arranged laboratory for the study of organic chem- 
istry. In its planning and equipment Fran chi mont took the keenest 
interest, sparing no trouble to make himself acquainted with every 
detail that would contribute to its utility and convenience. The 
writer recalls the lively pleasure with which he inspected the 
buildings of the then recently erected Government laboratories in 
Clement’s Inn Passage, and the quick appreciation with which he 
noted any contrivance that would facilitate the operations of 
analytical chemistry. 

When the new Leiden laboratory was opene^d Franchimont had 
occupied his chair for twenty-seven years, and much of his intel- 
lectual vigour and creative power were spent. He used to lament 
that for him it had come too late, but to the last he continued 
io regard it with pride and affection. He could have desired no 
more appropriate monument by which to perpetuate the memory 
of his long and fruitful association with the famous old University. 

On the twenty-fifth anniversary of his election to his professor- 
ship his friends presented him with his portrait, painted by the 
distinguished Dutch artist, Therese Schwartze, which is ultimately 
to pass into the possession of the University, On the occasion of 
the fortieth anniversary, a week before his seventieth birthday, a 
relief portrait in bronze by Toon Dupuis was offered to the new 
laboratory to be affixed to the wall of the entrance vestibule. 

Franchimont, on his retirement, mainly occupied himself with 
his duties as one of the editors of the Recueil des Tra/vaux 
Chimques des Pays-Bas et de la Belgique^ with which he had beep 
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connected since 1882, and in which his own contributions to science 
for the most part appeared. 

Although towards the end of his days his physical strength wag 
greatly impaired, and he suffered acutely at times from the effects 
of the painful malady to which he ultimately succumbed, his mitid 
continued active and alert to the last, and he read and corrected 
proof-sheets to within a week of his death on July 2nd, 1919. 

A man of simple tastes and habits, happy in his relations witli 
his colleagues and pupils, and in his home life — he had married 
Miss Cornelia van Batenburg, a member of an old Gelderland 
family, in 1880 — his interests were wholly centred in the duties 
and responsibilities of bis office. He lived the serene, contemplative 
existence of the philosophic student, devoting his life to the eluci- 
dation of a special class of phenomena. The character of hi? 
studies was, of course, mainly determined by the requirements of 
his professorship, hut his knowledge as a chemist was by no means 
limited to his own department. He was an omnivorous reader, and 
followed the development of every section withi equal interest. He 
had a sound judgment, a strong logical faculty, and keen intuitive 
power— qualities which made him an admirable editor and r 
capable and judicious critic. He was blessed with a happy tem 
perament and a genial manner, and had the saving grace oi 
humour. Although absorbed in his work, and apt to resent inter- 
ruptions to it by the routine calls of academic trivialities, he was 
in no sense a recluse, but when the occasion demanded took his fall 
share in the management of university affairs. 


Franchimont’s first^ published paper on ‘'Turpentine Kesins” 
appeared in the Archive.^ for 1871, and wm quickly 

followed by communications on heptvlic acid and heptyl alcohol. 
With Kekul^ he discovered triphenykmine. and he detected the 
formation of anthraquinone in the preparation of benzophenone. 
These, it IS believed, were the only papers on aromatic chemistrv 
wit- which he waa directly concerned. During his stay in Bonn 
he also worked with Zincke on the aliphatic derivatives from 
Heracleum oil-a subject which had already engaged his attention 
before to Gorman^. Indeed, he seemed almost exchsiveb 

attracted to the chemistry of aliphatic compounds, and practically 

con memoirs, as well as those he published it 

TOUaberation with h.s pupils, deal with this class of suhstanccs. 
During the forty years of his activity at Leiden upwards of one 

eZ li? ’»«™ture of chemistrv 

from the many graduation 
fZnt . Considerations of space 

prevent any detailed examination of ftis mass of work, but certain 
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ers of special significance require notice. Among them is the 
memoir on the Acetylisation of Glucose” (1879), leading to the 
isolation of the penta-acetato, which subsequently played so impor- 
tant a part in Emil Fischer's researches on the isomeric derivatives 
of glucose. Next is the paper on the ” Acetylisation of Cellulose” 
n 879-1881), when he prepared three acetates, one of which was 
afterwards identified by Skraup and Konig, in 1901, as the octa- 
acetate of cellobiose. From these researches originated the methods 
of acetylation now in common use, thereby laying the foundations 
of an important technical industry. 

Franchimont’s name is, however, principally associated with the 
study of the nitroamino-compounds — a class of substances with 
which the Leiden laboratory is identified. In collaboration with 
van Romburgh he investigated the action of nitric acid on dimethyl- 
aniline, which resulted in the discovery of trinitrophenylmethyl- 
nitroamine— the “tetryl” of these later days. Franchimont also 
prepared dinitrodimethyl ox amide and dimethylnitroamine. 

With Klobbie (1888) he obtained methylnitroamine, an acid 
substance isomeric with Frankland’s dinitromethylic acid, by the 
action of ammonia on methyl nitrourethane. 

With his pupil, van Erp, he found (1894) that alkylation of the 
monoalkylnitroamines gives not only the dialkylnitroamines, but 
also isomeric forms, which may be regarded as oxygen esters — one 
of the first of the illustrations of isomerism to be studied by 
Hantzsch with his theory of pseudo-adds. 

A complete list of Franchimont's papers, together with the 
titles of the various graduation theses which originated in his 
laboratory, has been compiled by his pupil, Professor Backer, and 
is published in the Chemisch Weekhlad^ 1914, No. 18. 

Franchimont was also the author of several textrbooks on 
organic chemistry which had a considerable measure of popularity 
in their day, but have now been largely superseded by more modern 
works. Compilation of literature of this kind was not a congenial 
task to a mind of his originality. 

Franchimont was an Officer of the Order of the Dutch Lion, and 
of the Legion of Honour, and a member of the Dutch Academy 
of Sciences of Amsterdam. He was elected an Honorary Foreign 
Member of the Chemical Society in January, 1898. 

My acknowledgments and thanks are due to Miss J. J. P. Brants, 
a niece of the late Professor Franchimont, and also to Professor 
Backer, of the University of Groningen, for the information and 
assistance they have afforded me in the preparation of this notice. 

T. E. Thorpe. 
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HABOLD CECIL GREENWOOD. 

Born May 3rd, 1887 ; Died November 4th, 1919. 

Tj T? Gf* F.I.C«) W3(S born it 
Harold Cecil 3rd, 1887, and was educated 

Edenfield, near Mane e , entered for his Science Course 

at the early a e a,d graduated as B.Se. 

at Manchester IJnive SI y , , , 1907, He obtained in 

rutessttthTMeTcerScholarship, the Beyer fellowship, and an 
8H Exhibition Scholarship. During this period he Electro 
Imical Department of the University was constituted under 
Dr R S Hutton, and Greenwood became one of his most enthnsi. 
astic students. He carried out a series of important re^arches 
1 the production of ferro-alloys, the reduction of refractory 
oxides, aL on the boiling points of metals, first at atmospheric 
pressure, afterwards studying the effect of reduction of pressure 
on the boiling point. Later he employed some of the press™ 
furnaces designed by Dr. J. E. Petavel for further study under 
increased pressure. His researches in this field furnish the 
accepted data for most of the substances he studied. On obtain- 
inP the 1851 Scholarship, Greenwood proceeded to Karlsrnhe, 
where he worked for a period with Professor Haber. Following 
up the earlier work of Haber and Le Rossignol, Greenwoods 
research on the synthetic production of ammonia by means of 
the uranium carbide catalyst, and his study of the details of this 
reaction under varying conditions of flow rate, temperature, 
pressure, etc., probably marked the stage at which it was firet 
realised that a successful technical process might be founded on it 
The Badische Company had already begun to take an interest in 
the developments at Karlsruhe and to help to finance the expenses 
of the research; therefore when, after six months’ work, the time 
arrived for a report of progress to be furnished by Greenwood to 
the Commissioners of the 1851 Exhibition, he was obliged to go 
before some of the Badische directors to be catechised as to what 
use would be made in England of the report. Would it fall into 
the hands of Sir William Ramsay? The publication of this 
research, and of a number of others carried out by Haber's co- 
workers at Karlsruhe about the same period, was held over until 
after the outbreak of war, by which time the technical success of 
the synthetic ammonia, process had been assured. 

Greenwood returned to England in the year 1910, and worked 
for some time in the Heat Division of the National Physical 
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Laboratory on the specific heat of metals at high temperatures, 
elaborating the method formerly employed by Barker in his 
determination of the specific heat of iron. He obtained the D.Sc. 
from Manchester University in 1912, and became a Fellow of the 
Chemical Society in the same year. He was subsequently 
appointed Research Chemist to the firm of William Hutton and 
gous, Ltd., of Sheffield, where he investigated problems cognate 
to the electroplating industry. 

Early in 1916, when the submarine campaign had begun to 
cause anxiety as to the country’s supplies of sodium nitrate from 
Chile, the Faraday Society appointed a small committee to pre- 
pare a memorandum on the question of nitrogen fixation for sub- 
mission to the Ministry of Munitions. Of this committee Greenwood 
subsequently became a member. After a number of preliminary 
conferences, the Nitrogen Products Committee of the Ministry was 
constituted, and among its other activities it was decided to com- 
mence experimental work on certain problems relating to fixation. 
Although at that time it was not anticipated that there would be 
any shortage of supplies of ammonia, yet it was deemed desirable, 
in view of the suitability of the synthetic ammonia process 
for the needs of the country, that an experimental study of it 
should be made forthwith, so that the ret^uired information should 
be available if necessary. Greenwood at the time was serving as 
a technical officer in the R.N.V.R,, but in view of his previous 
experience his services were requisitioned at the writer’s suggestion, 
and he became the head of the Synthetic Ammonia Section of the 
Research Laboratory established by the Munitions Inventions 
Department. This was located in premises placed at the dis- 
posal of the Government in the new Ramsay building at University 
College, chiefly through the instrumentality of the Provost and 
Professor Donnan. In the early stages of the work there were 
many difficulties with which to contend, but in his section a con- 
siderable measure of success was quickly achieved by Greenwood 
and his collaborators. After a year’s experimentation, it was 
decided by the committee to establish a technical plant on a 
moderate scale, since by means of this plant it was hoped that a 
study of the chemical engineering problems could follow on that 
already made of the pure chemistry of the reactions involved. 

Early in 1918, however, the engineers of the Explosives Depart- 
ment decided that the prograss made justified them in preceding 
With a scheme for the erection of a large works for the manu- 
facture of synthetic ammonium nitrate, and a site on the River 
Tees was ultimately chosen, and building operations were begun. 
At the time of the Armistice, however, the factory was far from 
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complete, and since lien arrangement* have been made for its 
transfer from Government ownership to private enterprise. Is 
the following autumn Greenwood was taken over into the sen-ice 
of the Syndicate which was to assume control of the new develop- 
ment He had been engaged only a few weeks on his new dutii* 
as their chief research chemist when he was suddenly token ill. 
After a few days’ illness he died from blood poisoning at 
Winnington Hall, Northwich, on November 4th, 1919, at the early 
age of thirty-two years. 

Dr. Greenwood married, in 1913, Miss M. G. Horsfall, who. 
herseif a graduate in science, was able to render her husband 
valuable assistance in his work. He leaves no family. 

Just before his death he had completed for press an important 
work on "Industrial Gases” for Dr. Samuel Rideals series, which 
has since been published. 

Although of a rather shy and retiring disposition, the reverse 
of dogmatic, and not excelling as an expositor, Greenwood 
possessed the true research instinct, and had a genial and attrac- 
tive personality. He won the esteem of all who worked with 
him. His output of research was one of which many a much 
older man would have been proud; by his death, experimental 
applied chemistry suffers a severe loss. 

J. A. Harker. 


CHARLES EDWARD GROVES. 

Born March 4th, 1841; Died February 1st, 1920. 

Though during the last twenty years of his life the figure of C. E. 
Groves was less familiar than formerly to the Fellows of the 
Chemical Society, no one was better known and esteemed during 
the long period in which he held ofi&ce as Editor of the Journal. 

Groves was born at Highgate on March 4th, 1841, but while 
still a young child his parents removed to Kennington, and in that 
neighbourhood he remained until the end of his life. He was 
educated at Brixton College School, and subsequently entered the 
Royal College of Chemistry under Hofmann, the first professor. 
In October, 1862, he became chief private assistant to Dr. John 
Stenhouse, F.R.S., who had a laboratory for research in Rodney 
Street, Pentonville. This was an almost unique establishment. 
Stenhouse had been for some years lecturer on chemistry at St. 
Bartholomew’s Medical School, hut about the year 1856 he had 
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beeii disabled by a paralytic stroke, from which he partly, but 
never wholly, recovered. His interest in chemical investigation 
prompted him, notwithstanding his crippled condition, to resume 
his researches into the nature of the crystalline constituents of 
lichens and other vegetable materials, and he found premises to 
suit his purpose in an old house to which was attached the out- 
buildings of an abandoned artificial flower factory. Here early in 
i 860 he established himself with E. J. Mills (afterwards professor 
in Glasgow) as his scientific assistant. Mills was succeeded in Sten- 
house’s laboratory by C. E, Groves, together with W. A. Tilden as 
junior. When the latter left, for a post at the Pharmaceutical 
Society, he was succeeded by R, Meldola (afterwards President of 
the Chemical Society) and T. Solas, The little laboratory was 
always busy, and Groves remained in command until the death 
of Sten house in 1880. During the later years of this association 
the papers resulting from the work done were published in the 
joint names of Stenhouse and Groves. Both were men of earnest 
religious convictions, and ‘“ the Doctor,” who could only sit and 
watch operations, was much disposed to talk during work, which 
was not uufrequently interrupted by controversy on subjects con- 
nected with their respective religious views, Stenhouse being a 
Presbyterian and great admirer of the famous preacher Charles 
Spurgeon, while Groves, as a high churchman, stood up for the 
episcopal establishment. 

Ill 1865 Stenhouse succeeded Hofmann as one of the external 
Assayers to the Royal Mint, and held the office until it was 
abolished by Mr. Robert Lowe in 1870. Stenhouse, of course, was 
incapable of any sort of manipulation, and the work was done by 
Groves with the aid of a technical assistant. 

In 1877, when the Institute of Chemistry was founded, Groves 
took an active part in the movement and was appointed Secretary ; 
from 1887 to 1892 he was also Registrar, He was connected with 
of the- Chemical Society from 1878, first as Sub^Editor 
and in 1884 as Editor, in succession to Mr, Henry Watts. This 
office he resigned in 1899, Soon after Dr. Stenhouse's death in 
1880 Groves was appointed Lecturer on Chemistry and Dental 
Metallurgy in the Medical School at Guy’s Hospital, retiring in 
1901. For more than twenty years he was also consulting chemist 
to the Thames Conservancy Board, and gave up this work in 1909. 
For only a few years later he was able to sustain his interest in 
scientific work, but failing health compelled him to retire from 
active life or study, and he died at his house on Keiiningtoh Green, 
February Isb, 1920. 

Groves became a Fellow of the Royal Society in 1883. 

YOU cxvn. s 



466 


OBITTJARY NOTICES 


Groves was a good manipulator and skilful analyst. His famt 
liarity witb several languages and his extensive knowledge of 
physical and chemical science were valuable qualifications for the 
post of Editor, though he may perhaps be remembered for certain 
peculiarities of phraseology in English on which h© insisted and 
which sometimes brought him into conflict with less scrupulous 
contributors to the pages of the Jmirnal, 

In early life he was a great walker, and though in frame very 
spare he was both muscular and active. Though not addicted to 
games, he found his recreation in mountaineering, and for many 
years his summer vacations were spent in Switzerland. He will be 
remembered by many among the older members of the Alpine Chib, 

W. A. T. 


JOHN HOLMES. 

Born January 15th, 1871; Died October 1st, 1919. 

John Holmes, who died on October 1st, 1919, after a short illness, 
at the age of forty-eight, received his early education at Giggleswick 
School. Entering the Royal College of Science as a revenue student 
in 1894, he passed with much credit through the prescribed course 
of studies, and was afterwards employed in the Government 
Laboratory — first as a chemical assistant, and subsequently as a 
member of the permanent analytical staff. During the early part 
of this period he carried out several investigations in collaboration 
with Sir Edward Thorpe, including one on the occurrence of 
paraffins in the leaf of tobacco (T., 1901, 79 , 982), and one on 
the constitution of the fat present in the yolk of eggs. Later, he 
worked out the now well-known '' Thoqie and Holmes ” method 
for the quantitative estimation of methyl alcohol in mixture with 
ethyl alcohol by oxidation of the former to carbon dioxide. Much 
of his work at this period was concerned with questions relating 
to alcohol, and in the laborious task of compiling a series of 
revised alcoholometric tables, published officially in 1912, Holmes 
had a prominent part. A process for the accurate determination 
of ethyl alcohol in commercial fusel oil is also due to him. 

Problems in physical chemistry, especially those concerned with 
the theory of solutions and the intermiscibility of liquids, had 
always a great interest for Holmes. A series of papers by him 
on these subjects has appeared in the Society's Transaciion$ (1907, 
1908, 1909, 1913, 1915, and 1918). Although lucid exposition was 
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not the author’s forte, the experimental results disclosed in some 
of these papers are quite noteworthy; and it might, perhaps, well 
repay some physical chemist, who is not too much trammelled by 
accepted theories, to look carefully into these researches, even if 
it should turn out that he is not in agreement with the author's 
theoretical explanations of the results obtained. 

Holmes was a man of equable temper and kindly disposition. In 
his younger days he was an excellent all-round man at sports, and 
could point with pardonable pride to a goodly collection of trophies 
carried off in athletic cont^ts. Scientifically, his bent was distinctly 
that of the investigator. He was never so happy as when, the day’s 
work done, he could devote his spare hours to fallowing up in the 
laboratory some new clue revealed by previous experiments, or 
some fresh line of thought which his reading had suggested. In 
his modest way he was veritably of those ’'who seek knowledge 
simply because they crave for it”; and to a Fellow of the Chemical 
Society no better tribute than this can be paid. 

C, SiMMONDS. 


SIK BOVERTON REDWOOD, BART. 

Born April 26th, 1846; Died June 4th, 1919. 

Sir Eoverton Redivood, who died on June 4th, 1919, after a brief 
illness, was the eldest son of Dr. Theophilus Redwood, of Bover- 
toD, Glamorganshire, who was for forty years Professor of Phar- 
macy in the Pharmaceutical Society at Bloomsbury Square. It was 
quite natural, therefore, that B overtoil Redwood chose the study 
of chemistry as a profession. 

Boverton Redwood was born near to the scene of his father’s 
activities at 19 Montague Street, Russell Square, on April 26th, 
1846. He studied at University College School, where he showed 
Hs inclination for the pursuit of science. On leaving University 
College he entered his father’s laboratory, where he received his 
early instructions in practical chemistry. In 1866, at the age of 
twenty, he was elected a Fellow of the Chemical Society and twice 
served on the Council. 

In 1869 he was appointed Secretary and Chemist to the Petrol- 
eum Association, and this caused him to turn his attention to 
lie study of mineral oils, a subject at that time quite in its 
infancy, the chemical aide of which had scarcely been touched. In 
fact, the Americ^ii oil had only recently been stf^ck, and at that 
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time the chief source of mineral oil was the distillation of 
by Young’s process. In a short time he became the leading expert 
on the subject of mineral oils, and kept pace with its rapi^ 
developments until the day of his death. 

His earliest recorded work in connexion with mineral oils had 
to deal with the testing of the flash point. In 1872 he gave 
evidence before a select committee of the- House of Lords on the 
subject, and in 1877, in conjunction with Sir Frederick Abel, he 
carried out researches which resulted in standardising the method 
of testing for flash points and the establishment of the Aht 
ajjparatus as the legal basis for testing flash poinU of low flasl 
oils. In the same year he visited the United States to carry oii 
further investigations on the subject. 

In 1881 he studied the effect of barometric pressure on thi 
gaseous constituents dissolved in oils. These tests were carri« 
out at various heights in the Alps and in a pressure chamber a! 
Berlin. Following up this line of investigation he visited Lidia 
and carried out further tests as to the influence of climate. As a 
result of this work he— jointly with Sir Frederick Abel and Dr. 
Kellner— advised the Government of India in amending the 
Petroleum Act. 

He travelled considerably and examined petroleum wells in al] 
parts of the world, and by this means obtained a first-hand 
knowledge of the oil industry and followed its developments. 

In 1886 he turned his attention to> the viscosity of lubricating 
oils, and designed the Redwood viscosimeter, which has become the 
standard instrument in the British oil industry. Recently he 
devised a. modified form for use with heavy fuel oils, and thisis 
now known as the Admiralty standard. 

_ In 1892 Redwood visited Egypt in reference to the transport of 
oil in bulk through the Suez Canal. In 1894 the Institution of 
Civil Engineers awarded him the Telford premium for his work 
in reference to the accumulation of petroleum vapour in tank? 
and difficultly accessible parts of ships carrying petroleum. He 
designed a special apparatus for testing for the presence of find ' 
vapours, About the same time, in conjunction with his brother 
Robert Redwood, and Mr. H. Barringer, he invented the Redwooo 
water-finder, an instrument for determining the amount of water 
which has collected beneath the oil in tanks. 

Redwood was one of the first to attempt the cracking of oils for 
the production of lighter oils from heavy residues. In this coiJ- 
nexion he and Sir James Dewar patented a procefls in 1889 for 
disti hng and condensing oils under high pressure. This resulted 
m the heavier grades of oil yielding lighter oils and spirit, At 



OBITUARY NOTICES. 


469 


this time, however, there was not much call for light oils, and the 
process was not worked on a large scale. 

As might he expected from his interest in oils for fuel and 
other purposes, he early took an interest in motor-cars, and more 
than twenty years ago the first four-cylinder Daimler car was con- 
structed to his order and was exhibited to King Edward VII. 
(then Prince of Wales). 

Besides his interest in his life-work, Eedwood took very active 
interest in international exhibitions, and acted as chairman to the 
chemical section of the Royal Commissions for the Exhibitions of 
Brussels and Turin. He also served on the Committees of the 
Rome and St. Louis Exhibitions. He was a man of great activity 
and extreme conscientiousness, and beside looking after his business 
and advising his clients, served on committees of scientific societies, 
from which, when a member, he was rarely absent. It was, in fact, 
difficult to realise how he concentrated so much work within the 
working day. 

During the war he served as Assistant Controller in the Trench 
Warfare Research. He was also Director of the Petroleum 
Research Department, and in this connexion supervised a large 
number of tests on the carbonisation of coals and other bituminous 
materials with the object of obtaining oils, so that this country 
might be self-contained and not re<juire to procure the oils from 
abroad. Later he was appointed Director of Technical Investiga- 
tions to the Petroleum Executive. • 

111 1913, at his iustigation, the Institute of Petroleum Technolo- 
gists was founded, and he was elected its first President. 

Redwood was knighted in 1905 and received a baronetcy in 1911. 
The title passes to his grandson, Thomas Boverton Redwood. 

Sir Boverton was adviser on petroleum to the Admiralty and 
Home Office, the India Office and the Colonial Office. He also 
acted as consulting adviser to the Corporation of London under 
the Petroleum Acts, and adviser to the Thames Conservanoy. His 
treatise on petroleum, first published in 1896, is the standard 
English work on the subject. He wrote another work on petroleum 
ill 1901 in conjunction with Captain J, II. Thomson, and published 
a number of papers on the subject before difierent industrial 
scientific societies. 

As a man, Redwood had a most charming manner with an old- 
world courtesy. He was always willing to help the younger 
generation, and would take an infinite amount of trouble to help 
young men commencing their career. He was a staunch friend, 
and never spoke unkindly even of those with whom he did not 
agree. He had a habit when he met his friends of putting his 
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hands on their shoulders and saying, Well, friend, and how are 
you to-day ? Those who knew Sir Boverbon Redwood felt a very 
personal loss of a kind friend and counsellor. He died in harness, 
and only a few days before his death was enthusiastically 
examining the first oil struck in this country, 

F. Mollwo Perkix. 


JOHN CHARLES UMNEY. 

Boun March 13th, 1868; Died October 9th, 1919. 

J, 0. Umney was a pharmacist of a type that is none too common. 
He declared that he loved pharmacy, and was proud of being a 
pharmacist. 

His father, Charles Umney, was a Fellow of the Chemical Society 
from 1865 until the time of his death in 1916, and an original 
Fellow of the Institute of Chemistry, He did pioneer work in 
bringing trained technical knowledge into the wholesale druo 
trade, and became one of the most prominent wholesale druggists 
of his day. 

John Umney may thus be said to have been born into the drni? 
trade. He was educated at Dulwich College, where he gained a 
scholarship, and at the Pharmaceutical Society's School of Phar 
macy, where he was a medallist. After passing his examinations 
he worked in the Pharmaceutical Society’s research laboratory 
under Professor Dunstan, with whom he was joint author of a 
paper on aconitine, which was published in the Tranaactiom in 
1892. He was elected a Fellow of the Society in the following 
year. 

His first publication, made in 1889, was a note on the analytical 
characters of oil of anise. Thus did he early identify himself with 
essentml oils, in connexion with which he is so well remembered. 
The literature of many essential oils has been enriched through his 
work, which consisted largely in the examination of new oils, of 
known oils from new sources, and occasionally of exposures of new 
and scientific methods of adulteration. Among others, he worked 
on the oils of anise, bergamot, cajuput, cloves, cinnamon, citronella, 
dill, eucalyptus, fennel, juniper, lavender, lemon, lemongrass, neroli, 
peppermint, pine, and rose, and his papers on the essential oils 
alone number upwards of fifty. 
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In 1912 the Fairchild Memorial Lectures delivered before the 
pharmaceutical Society took the form of a short course of lectures 
,11 tke terpenes and essential oils. The first of these, on “The 
history and Chemical Relations of the Terpenes,” was delivered by 
:;jr William Tilden; the second, on “The Synthesis of the Ter- 
penes/’ by Professor W. H. Perkin. J. C. XJmney was selected to 
i/ive the third and fourth lectures, the title of which was “ Essential 
Oils, their Constitution and Commerce.” 

XJmney was a member of the Committee of Reference in Phar- 
macy concerned in the preparation of the 1914 edition of the 
British Pharmacopoeia, and was part-author of the paper on “The 
Essential Oils of the British Pharmacopoeia,” which was read before 
the pharmaceutical Society and formed the basis of the mono- 
graphs now official in that book. He also contributed the article 
on “ Essential Oils ” in Thorpe's Dictionary of Applied Chemistry. 

ITmney published papers on fixed oils also, particularly almond, 
olive, cod liver, and fish liver oils, and many dealing with crude 
vegetable drugs, making valuable suggestions as to standards for 
these and other medicines. 

Ilis original contributions to pharmaceutical literature during 
a quarter of a century cover a wide range of subjects. In addition 
to scientific papers, and articles of a technical and commercial 
nature, he made valuable communications on subjects usually com- 
prehended in the term “Pharmaceutical Politics.” His publications 
were made chiefly in the Pharmaceutical Journal, and at the 
annual meetings of the British Pharmaceutical Conference. Lat- 
terly his communications appeared in The Ferfumeri/ and Essential 
Oil Record, which journal he himself founded and edited with 
conspicuous success. 

At an unusually early age, in fact while still a student, John 
Umiiey began to exhibit signs of remarkable business capacity, 
and perhaps the most striking characteristic in his outstanding 
personality was his great executive ability. 

Upon leaving the Pharmaceutical Society's research laboratory 
lie entered his father’s firm of wholesale druggists, and remained a 
director up to the time of his death. Sacrificing to some extent 
original work on the scientific side for the organising and more 
purely commercial aspects of pharmacy, John Umney rapidly 
reached a prominent position in the drug trade, and while still 
coiuparatively young was possibly the best known man in the world 
of pharmacy. 

During the course of his business career he filled many offices, 
in particular was President of the British Pharmaceutical 
Conference (1912-1913), President of the Drug Club (1908-1911), 
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and chairman of the Chemical Trade Section of the London 
Chamber of Commerce (1902-1916). 

Prolific though he was as a contributor on pharmaceutical 
subjects, prominent and successful as he was as a business man, 
Umney was seen to greatest advantage in his public work, where 
his alert brain found full play. Possessed of keen and sound 
judgment, with a quick perception of the main issue to the exclu- 
sion of minor details, he was an invaluable man on the countless 
committees on which he was called to serve. A facile speaker, 
possessed of rare tact and great persuasive powers, TJmney was 
at his best when acting as chairman of a meeting, a position he was 
called upon to fill on innumerable occasions. 

Readily receptive of new ideas, innocent of obstinacy, possessing 
to a remarkable degree the gift of seeing the other man's point of 
view, Umney was an ideal colleague to work with, whether as 
joint- author, as fellow-councillor, or in commerce. As a business 
rival he was broadminded and generous. Indeed, those who knew 
him really well, and they have been many, will remember him 
most for his personal charm. Many since his death have testified 
to the valuable advice and kindly help which they have ungrudg- 
ingly received from him in cases of difficulty. Few pharmacists 
can have made so many strong personal friendships as John 
Umney. 

The strain of his too-busy life weakened his constitution, and 
some five years ago ill-health, promoted by overwork, assailed him 
so seriously that he who had never spared himself willingly was 
now obliged to yield, 

Notwithstanding his partial retirement from regular work, and 
despite the efforts of medical science, his health steadily grew 
worse, so that with accumulated infirmities he died at the com 
paratively early age of fifty-one. Thus did Pharmacy lose a leader, 
and many pliannacists a friend. 


C. A. H, 



i. 277 


Organic Chemistry. 


Low Temperature Carbonisation. Fkanz Fischer and 
\V. Gluud {Ber,^ 1920, 53, [B], 250 — 251). — Tb© authors maintain 
scientific and technical priority (compare A., 1919, i, 377) 
against Tern (this vol., i, 1). H. W. 

The Interaction of Chlorine and Marsh Gas under the 
Influence of Light. The Conversion of Methyl Chloride 
into Methyl Alcohol and Methyl Acetate. John Reginald 
Harvey Whibi’on (T., 1920, 117, 183 — 190). 

Derivatives of Pentanes from Petroleum and certain of 
their Homologues. Ussian Aschan {Ofvers. Finska Vet Soc., 
1915, 58, pp. 122j from Ohem. Zenir,, 1918, ii, 939— 941).— An 
account is given of the action of chlorine on the paraffins and of 
other substances prepared from the chloro- derivatives. The chief 
products investigated are the pentane mixture, b. p. 30 — 38°, a 
hexane, and a fraction, b, p. 10 — 12°, obtained during distillation 
of the pentanes. Starting from isopentane, CHMcgRt, it has been 
found possible to synthesise completely the main constituents of 
fusel oil, namely, the two primary woamyl alcohols, isobutylcarhinol 
and sec.-butylcarbinol, which can thus be prepared cheaply and in 
nnliinited quantity, since isopentane occurs abundantly in all 
known mineral oils. The application of isopentane and other suit- 
able hydrocarbons from mineral oils (ri-butane, w-pentane, and 
various hexanes, particularly fly-dimethyl butane) to the preparation 
of isoprene and its homologues has been investigated. It is found 
that all the wopentyl chlorides, certain of them therefore under 
isomerisation, lose hydrogen chloride under suitable conditions, with 
the formation of fl-methyl-A*®-butylene; the latter unites with 
chlorine in definite circumstances to yield the corresponding 
dichloride, which is converted by the action of bases into isoprene. 
It is also found that the dichloroi^opentanes, obtained by direct 
chlorination of the hydrocarbon, and probably containing fl-methyl- 
i^-butylene chloride, lose hydrogen chloride at a sufficiently high 
temperature and yield isoprene. 

I Derivatives of i^oPentane. — Dry chlorination of wopentane 
yields a mixture of the four iso pentyl chlorides, together with 
bichlorides, which are interesting on account of their relationship to 
isoprene. Z-Chloro^B-rnethylbutane has b. p. 99 — 102°, Di^ 0‘8692; 
<i-dloro-^-methylbutane, b. p. 96—99°, Df, 0-8818; y-cA?oro-fl- 
mhylbutane, b. p. 90—93°, 0*8752; ^-cUoro-^-viethylhutane, 

h. p. 85*5—88°, 0*8692. ^-Methylbutyl acetate, prepared 

rota the corresponding isoamyl chloride, potassium acetate, and acetic 
^cid at 190 ^200°, has h. p. 140 — 142°, Dj® 0*8720, and, on hydro* 
ysis, gives the corresponding tsoamyl alcohol, b. p, 128*5 — 129*5°/ 
oxvni, i. I 
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772 mm. l-Methylhutyl acetate has b. p. 139—142°, ajid is coa- 
verted by alcoholic potassium hydroxide into y-methylhatyl 
b. p. 130—133°. The constitution of the alcohols is decided by 
oxidising them to the corresponding valerio^ acids. ^-Methyl-A^. 
butylene (in addition to very little acetate) is the main product of 
the action of potassium acetate on s^c.-woamyl chloride and the 
sol© product obUined from tertruo^yl chloride. For purposes 
of comparison, the latter was prepared by the action of hydrogen 
chloride on methyl butylene in anhydrous ether ; it was found to be 
the sole product of the change, and to be entirely reconverted into 
methylbutylene by removal of hydrogen chloride. Attempt^ are 
described to obtain the isopentyl acetates by the use of alcoholic 
potassium acetate, and it is found that the ^soamyl chloride from 
fusel oil (containing much primary iso amyl chloride and little 
primary active i^oamyl chloride, and therefor© consisting of the 
most difficultly decomposed isopentyl chlorides) is converted at 
200° completely into amyl acetate and amyl alcohol. Moist 
chlorination of isopentane leads to the production of small quanti- 
ties of «cc. -isoamyl chloride, large amounts of primary isoamyl 
chloride and primary active isoamyl chloride, and no tert.-uo^mjX 
chloride. The best yields of monochloropentanes are obtained from 
light petroleum when it is subjected to dry chlorination, and it is 
found that rt-peutane is less easily acted on than is isopentane. The 
mixture of monochlorides obtained from isopentane behaves towards 
alcohol and potassium acetate in the same manner as isopentyl 
chloride from fusel oil, isoPentyl chloride does not react with 
potassium hydroxide solution at 60 — 70°. Only slight transform- 
ation occurs when iso amyl chloride is heated at 250°, more marked, 
but still incomplete, change at the same temperature in the presence 
of concentrated hydrochloric acid. Further chlorination of Uri.- 
woamyl chloride gives i3-methyl“A'^-butylene chloride in unsatisfac- 
tory yield ; the product which is thus obtained, as also the dichloride 
prepared by the direct chlorination of isopentane, yields isopreue 
when heat^ with reagents which remove hydrogen chloride at 
300—400°. 

When the vapours of fermentation amyl alcohol are led over 
aluminium hydroxide impregnated with finely divided copper and 
heated at dull redness, jS-methybA^-butylene is mainly formed. 
Regulated chlorination of the latter gives mainly isoamylene 
chloride, €H 2 iGMe'CHMeCl, and but little dichloride; probably 
a second chloroamylene, possibly CMe 2 Cl'CH!CH 2 , is also formed. 
The fraction, b. p. 90—100°, and the dichloride can be used in the 
preparation of isoprene. Different products are obtained when 
hydrogen bromide is removed from methylbutylene bromide by 
different bases. Elimination of both bromine atoms only occurs 
incompletely; i8-bromo'y-methyl-A“-butyl6ne is obtained in the pure 
condition by the use of alcoholic potassium hydroxide. Un- 
successful attempts are described to prepare the corresponding 
glycol by the oxidation of Amethyl-A^-bubylene with potassium 
permanganate. 
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author des(^ibes experimeuta on the distillation of caoutchouc 
pti the conversion of isoprene obtained by heating the vapour 
j^turpentine oil into its derivatives. The process first named yields 
jjly 1 - 9 % of crude isopren© and 13% of a hydrocarbon (1 teipeiL©), 
^ p. 1"^!^ — 175®^ which has not been more closely investigated, 
^og&uio decomposition’ of turpentine gives about 5% of crude 
jjiprene, b, p. 30 — 40®; in the fraction b. p. up to 100®, at least 
tsfo further hydrocarbons are found, one of which, b. p. ca 70®, 
in particularly large amount and is unstable towards per- 
Binganate; the fractions of higher b. p. contain undecomposed 
terpeues, benzene, and its simpler homologuee. The crude isoprene 
is purified by conversion into ^5-dibromo-^-methylbutane, b. p. 
fjom mm., from which it is regenerated by potassium hydroxide; 
^6 pure isopren© has b. p. 34 — 34‘5®/758 mm., Dl ®5 0-6848, 
^ 0-6811, ^ r41540. Experiments are also described on the 
joDversion of technical crude isoprene into already known isoprene 
derivatives. It is found that not only amylene, but also all hydro- 
carboBs which contain at least one true ethylenic linking, can be 
condensed with isoprene by means of aluminium chloride to yield 
similar condensation products. Conversely, hydrocarbons other 
Oian isoprene, which contain two conjugated double bonds, can be 
condens^ with amylene and other singly unsaturated bydro- 
jarbons. Variation of the relative amount of amylene and isoprene 
causes variation in the composition of the products. The author 
claims to have discovered the condensing action of sodium on 
isoprene independently of, and simultaneously with, Harries and 
Matthewa ; he obtained from crude isoprene and sodium a product, 
insoluble in alcohol but soluble in ether, which he terms "semi- 
caoiiteKouc/’ which can be vulcanised. Sodium has no action on 
pure jS'inethybA^-butylene. Pure isoprene, when heated alone 
during thirteen days, was less completely polymerised than after 
three days in the presence of sodium. Experiments on polymerisa- 
tion by metallic oxides and on vulcanisation of semicaoutchouc are 
also described. 


II . Experiments with n-Pentane from Petrolmm, — A second 
n-'peniyl chloride^ b. p. 96 — 98°, is formed in addition to the 
previously described a-chloropentane, b. p. 106' 6°, by the chlorin- 
ation of Ti'pentane obtained from petroleum; an isopentane 
derivative is not produced. 

III, Emminatton of Petroleum Fraction, b, p. 10 — 12 °. — ^When 
the fraction is chlorinated in the presence of water, the main pro- 
duct is a chloride, C 4 H 7 CI, b. p. 69 — 70°, thus showing that it 
oonaiBts mainly of a butane ; the presence of , isobutane conld be 
definitely established, but butane appears either to be absent or 
present in small quantity. The b. p. of wobutane has been given 
^ hut this can scarcely be correct. It is remarkable that, 

the naturally occurring fatty acids have a normal carbon 
f jham the hydrocarbons obtained from petroleum have, in general, 
llwanched chains. 

Certain ffexane Derivatives from Petroleum . — Preliminary 

I 2 
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experiments on the chlorination of a hexane fraction, b. p. 
and consisting chiefly of di isopropyl, led to the identification 
both the possible monochloro- derivatives of this hydrocarbon, 
together with a third monochlorohexane, the constitution of whidj 
has not been elucidated. E. W. 

Oxidation of Hydrocarbons by Oxygen. Oxidation o! 
Paraffin. C. Kelber {Bqt., 1920, 53, [i/J, 60—71).— Paia^ 
vaselin, petroleums, and the higher fatty acids may be rapidly 
oxidised by submitting them to tJie action of finely divided streams 
of oxygen at 140—150°, especially in the presence of manganese 
compounds. In the case of a paraffin with m. p. 50 — 51°, 25% of 
the product was a distillate, consisting of oil and aqueous solution, 
in which acetone, formic, acetic, propionic, butyric, valeric, hexoic 
octoic, nonoic, and decoic acids were identified. The pasty residue 
contained 40 — 50% of fatty acids insoluble in water, but soluble in 
light petroleum, and 5—10% of acids insoluble in petroleum. 

J. C. W. 


Nitration of Ethylene. Heinrich Wieland and Euklid 
Sakellarios {Ber., 1920, 53, [if], 201 — 210). — The hypothesis has 
been advanced by Thiele and elaborated by Holleman that substitu- 
tion in the benzene series is preceded by addition, and that the 
primary reaction is similar in the ethylene and benzene in 

the former case the additive products, however, are stable, whilst 
in the latter, rearrangement immediately occurs, with the produc- 
tion of a more stable system. A certain amount of experimental 
evidence is available in the instances of halogenation and sulphoii- 
ation, but very little work has been done on the nitration of 
ethylenic substances. The authors have therefore studied the 
behaviour of ethylene towards nitrating add, and have shown that, 
under suitable conditions, ethylene dinitrate and nitroethyl nitrate 
are produced; it would thus appear that reaction is primarily 
additive in character, and results in the formation of j3-nitroethyi 
alcohol, which, under the experimental conditions, is further 
esterified. 


Ethylene is passed through an ice-cold mixture of nitric acid 
(D 1-4) and concentrated sulphuric acid containing 20% of sulphur 
trioxiile, and the products are separated by distillation with steam 
and subsequpt careful fractionation under diminished pressure; 
ethylene dinitrate, colourless oil, b. p. 105*5°/19 mm., 1-433, 
and ^-nitroethyl nitrate, colourless, poisonous oil, b. p. 120—122°/ 
17 mm., f isolated, The latter is converted by 

phosphoric oxide into nitroethylene (compare A., 1919, i, 307). 

Discrepancies between the properties of specimens of jS-nitroethyl 
alcohol obtamed by the authors and those described by V. Meyer 
and Henry have led them to examine in greater detail the action 
01 silver nitnte on ethylene iodohydrin; it is found that the suh- 
8 ance w ich is ffius prepared is contarninated with ethylene glycol 
oni n , w ich can be removed by careful fractionation, and 
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flith ethylene glycol, which cannot be thus removed, but is readily 
by washing the product with water. Pure 0-nitroethyl 
Icohol is a colourless, odourless liquid, b. p. mm., 

jjij.J V3d9; it is miscible in all proportions with water, alcohol, and 
Phe aqueous solution does not give a coloration with ferric 
ftlonde, and the ketonic form can only be detected for a few 
seconds with this reagent after cautious acidification of the sodium 
■ 4 lt. Contrary to Henry's observations, it cannot be distilled at the 
ordinary pressure, since it is thereby decomposed into water and 

nitroethylene. 

Attempts to isolate nitroacetaldehyd© in substance have not 
teen successful up to the present ; if, however, a mixture of ^-nitrO'' 
etbvl alcohol and sulphuric acid is added to a boiling suspension of 
lead peroxide in water and the distillate is treated with o-nitro- 
pBenylhydrarine hydrochloride, nitroacetaldehj/de-o-miro'phmyl- 
h/drazone, slender, orange-red needles, m. p, 83*5°, is obtained, 

H. W. 

Preparation of Propylene. Arthur HsiNEMAyN (D.R.-P. 

3], 5747; from Chem-. Zen.fr., 1920, ii, 186). — Acetylene ia caused to 
unite with methane in the presence of contact substances consisting 
of mixtures of noble metals (platinum, iridium, and palladium) 
and common metals (iron, nickel, copper, silver, aluminium). The 
teclmical preparation of the contact agent is effected by depositing 
die common metal, such as copper, either electrolytically or by 
purely chemical reduction of a copper salt on a poroas material, 
suet as pumice; the latter is placed in a solution of a noble metal 
(for example, platinous chloride), dried, and, if necessary, ' again 
reduced, Methane is completely utilised at 100—200° if an excess 
of acetylene is employed. The heating may be replaced by. the 
cheniically active violet or ultra-violet rays, or by the silent electric 
discharge. The yield of propylene is 70% of that theoretically 
possible. H. W. 

The Action of Nitric Acid on Unsaturated Hydrocarbons. 
The Action of Nitric Acid on Acetylene. Kennedy Joseph 
Previte Orton and (Miss) Phyllis Violet McKie (T., 1920, 
117, 283-^296). 

Preparation of Methyl Chloride and Bromide from 
Methyl f?u]phate. Ch. Boulin and Ti, J. Simon iOompt. rend., 
1920, 170, 595 — 597). —Methyl chloride may readilv be prepared 
in a very pure state and with an excellent yield by allowing methyl 
sulphate to drop into hydrochloric acid (D 1T12) at about 50°. the 
change 0(!curring being represented by Me^SO., -j-HCl = MeHS 04 -t 
llleCI. ' The hydrochloric acid may be replaced by a concentrated 
solution of sodium chloride, but in this case a slightly higher 
temperature is neicessary. 

In the same way, methyl bromide may be obtained by letting 



ABSTRACTS OF CHEMICAL PAPERS. 


meUiyl sulphate drop into hydrobrwnic acid at 45— 50®, or, preffty. 
ably, into a concentrated solution of an alkali bromide, slightly 
acidified with sulphuric acid, at 30—35°. W. ft. 

Organic Chemical Reagents. V. The Preparation o! 
Alkyl and Alkylene Bromides . Oliver Kamm and C. S. Marvei 
(.7. Amer. Ckem. Soc., 1920, 42 , 299— 309).— A detailed study has 
been made of the preparation of n-butyl bromide from the corre- 
spending alcohol by the hydrobromio acid method; addition of 
sulphuric acid to the reaction mixture was found to be of more 
value than an increase in the quantity of hydrobromio acid. The 
effectiveness of sulphuric acid does not depend entirely on th? 
resulting removal of water from the reaction mixture, but is also 
to be explained by the formation of an alkyl hydrogen sulphate, 
which probably reacts more readily with hydrobromio add; the 
effect of sulphuric acid in preventing the distillation of alcohol 
from the reaction mixture is also an important factor. 

The Norris -Bodroux method for the preparation of primary alkyl 
bromides has been modified in the following manner. The alcohol 
is treated with a 25% excess of aqueous hydrobromic acid, together 
with sulphuric acid. The mixture is heated under reflux in order 
to convert the alcohol as completely as possible into the correspond- 
ing bromide, and the latter is then removed from the reaction 
mixture by direct distillation. Slight variations from this pro- 
cedure depend on the physical and chemical properties of the 
alcohol used or of the bromide formed in the reaction. For ex- 
ample, in the preparation of ethyl and allyl bromides, the mixture 
is not heated under reflux, because of the volatility of the former 
compound and the chemical reactivity of the latter; in the pre- 
paration of tsoamyl bromide, a somewhat smaller proportion of 
sulnhuric acid is used in order to prevent charring ; haloids of hieh 
molecular weight, because of their high boiling points, are separated 
from the reaction mixture mechanically instead of by distillation. 
Detailed directions are given for the preparation of the followiup 
compounds, the corresponding yields being enclosed within 
brackets: n-butvl bromide, b. p. '101—104° (95—97%); woamyl 
bromide, b. p. 116—120° (88—90%); trimethylene bromide, b, v. 
162 — 165° (88 — 95%); trimethylene chlorobromide, b, n. 142—145° 
(89%); ethyl bromide, b. p. 38— 40° (90—95%); allyl bromide, 
b, p. 69—72° (92—96%); Ti^fcyl bromide, b. p. 196—200° (91%); 
lauryl bromide, b. p. 175— 180°/45 mm. (91%). 

The requisite hvdrobromic acid solution is conveniently prepared 
by the reduction of bromine bv sulphur dioxide in the presence of 
water; the mixture may be utilised directly without a preliminary 
distillation, the necessary additional quantity of sulphuric acid 
being added as concentrated acid. 

Mixtures of constant boiling hydrochloric and hydrobromic acids, 
such as are obtained when alkyl bromides are used with aluminium 
chloride in Friedel-Crafts^ reactions, may be separated readilv by 
fr^Qtional dj^tills^tion, H. W, 
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Gaseous Methyl Fluoride. I. Revision of the Atomic 

Vfeight of Fluorine. E. Moles and T. Batuecas {J. Chim, PAys., 
1919, 17, 537 — 588). — The methyl fluoride was prepared either by 
heating together methyl potassium sulphate and potassium fluoride 
or by passing the vapour of methyl iodide over anhydrous silver 
fluoride at 90^. The weight of a normal litre of methyl fluoride 
^as found to be 1'5454 grams, whilst measurements made at 
506*67 mm. and 253*33 mm. indicate that the departure from 
Avogadro’s law is given by 1 + X = 1-0181, and the coefficient of 
compressibility of methyl fluoride is 0*000037 per mm. The weight 
of a normal litre of oxygen under similar conditions was 1*4293, 
hence the molecular weight of methyl fluoride is 34*021 and the 
atomic weight of fluorine is 18*998. 

Measurements of the vapour pressure of methyl fluoride between 
-77° and -105° give as its b. p. -78*2°/ 760 mm. The mole- 
cular heat of vaporisation, calculated by the Clausius-Clapeyron 
formula, is \-4361 cal., and from this the Ramsay-Trouton 
constant is found to be 22*4. The critical temperature deduced by 
the Guldberg-Guye rule is T,- 325*3°. 

In the preparation of methyl fluoride by the action of methyl 
iodide on silver fluoride, a brick -red compound is formed, which 
has the composition 2AgF,AgL W. G. 


The Dehydrogenation of Primary and Secondary Alcohols 
by Catalytic Oxidation. General Method of Preparation 
of Aldehydes and Ketones, Chaeles Moureu and Georges 
Mignonac {Compt. rend., 1920, 170, 258— 261).— Finely divided 
silver, deposited on asbestos by precipitation from silver nitrate 
with formaldehyde, is an excellent catalyst for the oxidation of 
primary and secondary alcohols to aldehydes and ketones respec- 
tively. The vapour of the alcohol, mixed with slightly less than 
the theoretical amount of air, is passed over the catalyst heated 
at 230 300°. In some cases the action is so intense as to cause 
very marked local rise in temperature of the catalyst, and con- 
sequent destruction of some of the products of oxidation. In this 
case, it is better to conduct^ the operation in two stages. First pass 
the alcohol vapour, mixed with 40—50% of the requisite amount of 
air, over the catalyst, and then mix the issuing vapours with the 
other 50% of air and pass the new mixture over a second lot of 
the catalyst. Good results were obtained with methyl, ethyl, hutyl, 
amyl, allyl, benzyl, cinnamyl, isopropyl, and secondary’ butyl 
alcohols by this method. G. 


Chemical Reagents. VI. Reagents from 
««utyl Alcohol. Roger Adams and C. S. Marvel (J, Amer. 

, ec., 1920, 42, 310 — 320).— The discovery of the method 
1 L ] r fermented to give acetone and ti^butyl 

a cohol has caused the latter substance to become available in large 
quantity at a low price. The authors show it to be a valuable 
aienal for the preparation of n-amyl derivatives and n-hexoic 
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acid and its derivatives. Detailed instructions are given for the 
preparation of the following substances, the yields being place^i 
within brackets: '/?.-butyl bromide (this vol., i, 282); n-butyl 
cyanide, b. p. 138—141°, from the bromide and sodium cyanide in 
aqueous-alcoholic solution (75 — 80%) ; Tvvalenc acid, b. p 
183—186°, from butyl bromide and sodium cyanide, and hydrolysis 
of the crude product with sodium hydroxide (81%) ; ethyl n-valerate, 
b. p. 14.2—146°, from w-butyl cyanide, ethyl alcohol, and sulphuric 
acid (85 — 90%); 7?.-amylamine, b. p. 102—105°, by addition of a 
solution of n-butyl cyanide in alcohol to a suspension of sodium 
in toluene (57—68%); ?t-amyl alcohol, by reduction of ethyl 
r^-valerate by sodium in the presence of alcohol (56 — 61%) ; eth\4 
72-butylmalonate, b. p. 144 — 145°/40 mm,, 235 — 240°/ordinary 
pressure, from 7?.-butyl bromide. and ethyl sodiomalonate (89 — 92%)*' 
7?-hexoic acid, b. p. 200 -205°, by hydrolysis of ethyl 7i-butyl- 
m a Ion ate with potassium hydroxide, acidification of the solution 
with hydrochloric acid, and subsequent distillation (74%); a-bromo- 
hexoic acid, b. p, 148 — 158°/ 30 mm., by bromination of n-butyl- 
malonic acid and elimination of carbon dioxide from the product 
(71%); a-aminohexoic acid, from the a-bromo-acid and ammonia 

H. W, 


Synthesis of Tertiary a-Keto-alcohoIs ; Correction. 

D. Gauthieh {Compt. rend., 1920. 170, 325). — Tt has previously 
been indicated that cyanohydrins of the type HO’CE^R^'CN react 
with organo-ma^nesium haloids. R^MgX, to give a-hetonic tertiary 
alcohols, HO'CR’R^’COR-'^ (compare A., 1911, i, 513). Tt has since 
been found that the main product of such a reaction is the tertiary 
alcohol, CR^R-R5-OH. Consequently, the substance previously 
described as acetyl dimethyl carbinol, CIT.‘CO‘CMe.,*OH, is really 
trimethylcarbinol, and the two substances described as propionyl- 
dimethylcarbinol, C.H,-CO-CMe,,-OH, and acetylmethylethyl- 
carbinol, CH-j-CO'CMeEriOH, are really dimethylethylcarbinoh 

W. G. 

Catalytic Preparation of Ethers in the Dry Way. A. 

MAiLir and E. de Godox {Bull Snc. rhim., 1920. [iv], 27, 
121—126; Compf. ren4., 1920. 170, 329— 331).— Using the 
method previously de-scribed for the catalytic preparation of ethyl 
ether (this vol.,^i, 6), calcined alum being the catalyst, the authors 
have succeeded in preparing a number of simple and mixed aliphatic 
etWs from the corresponding alcohols up to t.?oamyl alcohol, 
worropyl alcohol and 7bobiityl alcohol only gave very small yields 

of the corresponding ethers, " ‘ " \Y. G. 

Action of Water on Methyl Chlorosulphonate. J. Gutot 
and L. J. Simon {Compt. rend., 1920, 170, 326— 328).— The action 
of water on methyl chlorosulphonate depends on the relative 
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iUiounts of water and sulphonat© pre&ent. The action is complex 
jnd is regulated by three changes, thus : 

SOfhOU^+ 2HaO = H^SO* + HCl + MeOH, 

S02Cl*0Me+ H20 = H 2 S 04 + M6C1, 

S02Cl-OMe+ HgO-HMeSO^ + HCl, 

^th which, under some conditions, are joined the actions: 

HCI+MeOH =MeCl + H20, 

HMeSOi + MeOH = H2SO4 + Me^O, 

The primary change is the one which produce methyl hydrogen 
julphate, which is, in its turn, decomposed by an excess of water 
to give sulphuric acid and methyl alcohol. The latter change is 
limited by the reverse action, but for a large excess of water the 
proportion of methyl hydrogen sulphate remaining is small and 
independent of the amount of water. 

When the amount of water diminishes, the concentration of the 
acids becomes important, the esterification of the methyl alcohol 
becomes of main importance, and consequently a more and more 
marked synthetic production of methyl cMoride occurs. W. G. 

Action of Water on Methyl Sulphate. Ch. Boulin and 
L. d. Simon (Oompt. rend., 1920, 170 , 392— 394).— If a large 
excess of water acts on methyl sulphate for a relatively short time, 
a miimolecular reaction occurs, thus: Me^SOi + H^O-MeHSO^-i- 
MeOH. 

If the proportion of sulphate to water is 1:10, at the end of 
twenty-four hours a second action is noticeable, Me2S04 + H20~ 
H2S04-)-Me20, and this action becomes preponderant. At the 
same time, a secondary change may occur, Me^SO^ + MeOH^ 
llellSO^ + Me^O. 

Methyl sulphate is, however, soluble in water at 18° to the 
extent of 28 grams per litre, this solubility being modified by the 
accumulation of the sulphuric acid and methyl ether resulting from 
the above changes. W. G. 

The Sulphochromic Combustion of Methyl Esters. J. 

Gutot and L, J. Simon [Compt. rend., 1920, 170 , 514 — 516), — 
The esters were oxidised by chromic anhydride in the presence of 
sulphuric acid, the carbon dioxide liberated being collected in a 
Buute burette and measured. In some cases, the reacting mixture 
required heating in a water-bath. Satisfactory results were 
obtained with all the esters tried. The change apparently takes 
place iu two stages, methyl hydrogen sulphate being first formed, 
K'CO.iMe-j-HgSO^ ^ R*C02H + MeHS04, and oxidation then 
occurring. 

_ Under similar conditions, ethyl esters undergo little or no oxida- 
tion, except iu those cases where the organic acid radicle is readily 
oxidised, iu which case ethyl hydrogen sulphate is formed and the 
organic acid is oxidised. 


I* 
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Substituted radicles, whether methyl or ethyl, do not undergo 
oxidation at aU readily. Thus, methyl malonate is readily oxidised, 
but with methyl methylmalonate the oxidation is very incomplete. 


flfi^-Dichioroethyl Sulphide. Charles Stahlby Gibson and 
(Sir) William Jackson Pope (T., 1920, 117, 271 278). 

A Synthesis of. /i/8'-Dichlorodiethyl Sulphide (Mustard 
Gas). J. K Myers and H. Stephen (J. Soc. Ghem, Ind., 1920, 39, 

65 t). By passing pure ethylene into cooled sulphur dichloride 

until no further absorption takes place, a product containing 65% 
of mustard gas with 20—25% of sulphur monochloride is obtained. 
The formation of the latter compound, together with the evolution 
of cousiderable quantities of hydrogen chloride, is probably due to 
the decomposition of sulphur dichloride into the monochloride and 
chlorine, which then chlorinates the mustard gas. This secondary 
reaction is best avoided by spraying the dichlorid© (a mixture of 
75% dichloride and 25% monochloride being most suitable) by means 
of compressed ethylene into an atmosphere of ethylene. In this 
manner, a product containing 93% mustard gas is obtained, 

A solution of sodium hypochlorite containing sodium hydrogen 
carbonate was found to remove mustard gas almost immediately 
from the surface of shells. J. K, 

/8/3'-Dichloroethyl Sulphide. P. Spica (Gazzetia^ 1919, 49, 
ii, 299 — 302; Boll. chim. jarm.^ 1919, 58 , 361 — 363), — The author 
has prepared /S^^-dichloroethyl sulphide by a method which is not 
described, but is simpler than that originally used by V. Meyer. 
This compound forms long, silky, white ne^les, m. p. 10 — 11®, 
b. p. 180~185°/20 — 25 cm., 215—217^ (decomp.); in the liquid 
state it has 1‘275, and is colourless, ita odour recalling that of 
garlic. It is an oxidisable compound, and on this property depends 
the use of calcium hypochlorite, potassium permanganate, etc., to 
neutralise its effects. Concentrated nitric acid acts slowly on it 
and yields varying results, but the action of 30% hydrogen peroxide 
solution in glaciai acetic acid gives first the sulphoxide, 
(CH2C1-CH2)2S0, 

m. p. 50 — 52®^, which acts as an irritant on the eyes and skin, 
especially when vaporised from solution, and afterwards the 
sulphone, (CH 2 Cl‘CIl 2 ) 2 S 02 , m. p. 110°, which is almost non- 
volatile in a current of steam and exerU no irritating action. 

Of the various reagents proposed for the detection of jSjS^-dichloro- 
ethyl sulphide, the only one which is specific is sodium iodide, this 
giving the corresponding di-iodo-compound. The presence of 
vapour of the sulphide in the air may also be detected by the form- 
ation of the sulphone occurring when the air is passed through a 
glacial acetic acid solution of hydrogen peroxide (see above), and 
also by the white turbidity, due to the formation of Meyer’s non- 
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fggolvable diethylene disulphide, produced when the air is passed 
through a narrow tube into hot sodium sulphide solution. 

T. H. P. 

* Synthetical Experiments with jSjS'-Dichloroethyi Sulphide. 

\ViLLiAM Davies (T., 1920, 117 , 297—308). 

tioAmylsulphonium Compounds. Rudolf ‘Wegscheideh 
^nd Helenb_ Schreiner (Monatsh., 1919, 40 , 325— 339).— Only a 
slight quantity of sulphonium compound was produced by the 
interaction of tsoamyl iodide with dmoamyl sulphide for five 
months. This was not due to steric influences, since, although the 
velocities of combination of the sulphide with methyl, ethyl, and 
isoamyl iodides diminish in the order given, that of the. sulphide 
with ethyl iodide is much greater than in the case of ethyl 
sulphide and isoamyl iodide. As the equation, gRiR2^H^I = 
SR^R^R^I, shows, the speed of the reaction is primarily determined 
by the mobility of the halogen atom (compare Carrara, A., 1895, 
ii, 8; Strbmholm, A,, 1900, i, 325). In conformity with this 
explanation, woamyl iodide cannot be prepared from the corre- 
sponding chloride in the same manner as can benzyl iodide (Spath, 
A., 1914, i, 1), Double salts of triisoamylsulphonium iodide with 
zinc, cadmium, and mercuric iodides can, however, easily be pre- 
pared by warming mixtures of tsoamyl iodide and sulphide with 
the metallic iodide at 100°. Bistriisoamylsiilphine zinci-iodide, 
2 S(C 5 Hjj 3 l,ZnIg, has m. p. 134°; the corresponding cadmi-iodide, 
2S(C3Hii)3l,Cdl2, forms yellow needles, m. p. 126—127°, and is 
decompo^ by hot water; the dimercuridodide, 3S(C5Hii)^,2Hgl2, 
forms light yellow crystals, ra. p. 66—67° to a turbid liquid, becom- 
ing clear at a somewhat higher temperature. An indefinite pro- 
duct was obtained from bismuth iodide, Trmoamylsulphonium 
iodide could not be liberated from its salts, but was probably pro- 
duced by prolonged action of the iodide on the sulphide in presence 
of molecular silver. Diethyl sulphide diTnercurichloridef 
S(C2H,)2,2HgC\, 

separates from alcohol in colourless crystals, m. p. 127°, which 
are decomposed by water. J. K. 

Preparation of Acetic Anhydride. Frederick Peacock 
Leach and The United Alkali Co., Ltd. (Brit, Pat. 
137701), — Acetic anhydride is produced by the interaction of 
anhydrous sodium acetate and carbonyl chloride according to the 
equation 2CH3-CO.,Na -h COCI 2 = (CU3*C0)20 + C02+2NaCl. The 
reaction is started by suspending sodium acetate in acetic anhydride 
and adding alternately, with cooling, carbonyl chloride and sodium 
acetate, keeping the latter in slight excess, until a desired amount 
of the mixture has been produced. A portion of the liquor is then 
run off into a still, and the acetic anhydride distilled off in a 
vacuum, whilst fresh quantities of sodium acetate and carbonyl 
chloride are added to the mixture remaining in the reaction vessel. 

G. P. M. 
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Preparation of Aliphatic Acids by Catalytic OxidaUon oj 
Primary Alcohols. A. Mailhe aud dk Godon {Comp, rend.^ 

1920 170 517 519). — Primary aliphatic alcohols readily undergo 

catalytic oxidation in the presence of finely divided copper a* 

260 270°, giving an appreciable yield of the corresponding acids, 

but at the same time an important amount of the alclehyde is also 
formed. In the case of ethyl alcohol, the highest yield obtained 
was 18-18 grams of acetic acid and 12 c.c. oi acetaldehyde from 
100 c.c. of alcohol. 

Preparation of Aliphatic Esters. Farbwerke vorm. Meister, 
Lucius, k Ckuniiig (L.B.-P. 315021; from Ohem, Zentr., 1919, 
iv, 11U4).— Acetylene is allowed to act on a molar mixture of fatty 
add and alcohol in the presence of the mercury salts of mineral 
acids, preferably at an increased temperature, rhus, acetic acid is 
agitated with precipitated mercury oxide at 30—40° until complete 
aolution is obtained, after which sulphuric acid (D LSI) is added 
drop by drop, which causes the precipitation of mercuric sulphate 
in a finely divided condition; alter addition of ethyl alcohol, the 
mixture is heated at 70° under reflux, and, with constant agitation, 
treated with acetylene. Acetaldehyde, which is formed as a by- 
product, is separated from ethyl acetate by fractional distillation. 
Ethyl formate is obtained when the acetic acid is replaced by formic 
acid, whilst methyl propionate is prepared from methyl alcohol and 
propionic acid. H. W. 

Preparation of a-Sulphoprop ionic Acid. II. J. Backer and 

J. Y. Dubsky {Froc, K. Akad, Wetensch. Amsterdam, 1920, 22, 
415 — 416). — The general methods of Franchimont (A., 1888, 1175) 
and of Melsens, when applied to the preparation of a-sulpho- 
propionic acid, have the respective advantages of greater purity 
and better yield of the product. Both of these are conserved by a 
combination of the two processes, consisting in the addition of 
crystalline pyrosulphuric acid to propionic anhydride*. An average 
yield of 0*75 mol. of acid per 1 mol. of anhydride is thus obtained, 

J. K. 

Ammonium Tetroxalate, a Product of the Decomposition 

of ^soAmyl Nitrite. B. !8andqvist and F. Mohlin 1920, 

53 , [Z?], 171 — 173). — A crystalline deposit, needles or rods, m. p. 
129*5 — 130*5° (decomp.), deposited on the sides of a bottle contain- 
ing commercial amyl nitrite which had become extensively decom- 
posed, was found to consist of ammonium tetroxalate. Formation 
of these crystals in similar circumstances has been observed by 
Bodtger (A., 1916, i, 2), who, however, overlooked the nitrogen 
content, and considered them to be methanetetra carboxylic add- 

H. W. 

/-Hexylsuccinic Acid. Henry Wrrn and Henry Burns (T., 
1920, 117 , 266—268). 
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The Resolution of Racemic Acids by Optically Active 
jVlcohols. I. The Resolution of r-Tartaric Acid by Z-Borneol. 

jIenhy Wren. Howell Williams, and William Whalley 
5IYDDLET0N (T,, 1920, 117, 191 — 199). 

preparation o! Succinyldiacetic Eaters. Kichard Will- 
statter (D.R.-P. 900672; from Chem. Zentr,^ 1920, ii, 338). — 
}^eiitral or faintly acid solutions of acetonodicarboxylic acid esters 
are submitted to electrolysis. The secondary potassium salts of 
acetonedicarboxybc acid ester are obtained by the action of 
potassium hydroxide in concentrated aqueous or in alcoholic solu- 
tion on acetonedicarhoxylic eaters. The dipotassium salt of ethyl 
hydrogen acetonedicarhoxylate yields, on electrolysis, ethyl 
s\(umyld%acetate, colourless needles, m. p. 46 — 47°, which with 
aTHTiiania or amines yields pvrrole derivatives, for example, 
\-m.tthylvyrrohdi acetic ester, prisms, m. p. 164°, The correspond- 
ing mebhvl derivative of succinyldiacetic acid is formed less 
smoothlv from methyl hydrogen acetonedicar boxy! ate, and is con- 
Yfirted into dimethyl ’[-methyl pyrrol edi/icetafe, needles, m. p. 
170 — 171°. The succinyldiacetic ester constitutes the atarting pouit 
for the synthetic preparation of derivatives of tropine. H. W. 

The Preparation of Glyoxal by the Action of Ozone on 
Acetylene. A. Wohl and K. Braunio (ChPM. Zeit., 1920, 44, 
157).— It is well known that o/one and acetvlene interact with 
explosive violence. It has now been found that when the gases 
are suitably diluted and contain a certain amount of moisture, 
interaction proceeds smoothly, with formation of a mixture of 
glvoxal and formic acid. The products are obtained as an aqueous 
solution by spraying water into the reaction vessel. The solution 
contains 1'5 to 2’0'yo of glyoxal. A certain amount of nitric acid 
is formed at the same time, and this must he neutralised before the 
solution is evaporated, to avoid decomposition of the glyoxal. The 
Utter can be isolated by known methods, for example, as its aniline 
derivative, or can be directly converted into glycollic acid or 
ethvlene glycol. The aniline derivative, the anilide of anilinoacetic 
acid, can he used for the preparation of indig otin. E. H. R. 

Preparation of Monobromoacetone. J. D. Riedel (B.R. P. 
298944;^ from Chem. Zentr., 1920. ii, 337).— Solutions of bromine 
m bromide liquors are added to hot solutions of acetone containing 
bromoacetone in bromide liquors; the latter are obtained by 
neutralising the aqueous solutions from previous preparations. 
Monobromoacetone is thus obtained in good yield and in an 
immediately pure condition. H. W. 

Preparation of Monobromo-ketones. J. H. Riedel fD.R.-P. 
298953, additional to B.R.-P. 298944 ; from Chem. Zenir., 1920, 
1 !’ preceding abstract).— Solutions of bromine in 

bromide liquors are added at an elevated temperature to solutions 
of the homologues of acetone (containing the hromo-ketone) or to 
a mixture of ketones and bromide liquors; the neutralised aqueous 
solutions from previous preparations are utilised as bromide liquors. 
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The instance of hremomethyl ethyl ketone, transparent ydlo* 
liquid, is cited in particular. ^ W. 

A New Hydrazone of some Monosaccharides (m- Tolyl. 
bydrazones of Z- Arabinose, Rbamnose , ^ucose, d-Galactctee^ 
and <i.Mannose). A. W. vak der Haab (Bcc. irav . chm ., 1920, 

39 J 91 193^ — w..Tolylhydrazin0 ^ves the loUowing hydr- 

azo’nes: Urahinme-m-tolulhydrazmie, prismatic needles, m p. 
156— 157°' rhamnoRe-m-tolylhydrazone, m. p. 134 j fucose-m-tolyl 
h,,drazone, microscopic nredles, m. p. A-mannott-m-Myl- 

h’/drazoM, amorphous; i-gdact„M-m-tolylhydrazam needles, 

m. p. 154°. Xylose and r/ fructose did not pve such hydrazones, 
and the one from dextrose could not be obtained sufficiently pure. 

W. G 


Oxidation of Sugars by Mercuric Acetate in tbe Presence 
of Ammonia. T. Ingvaldsen and L. Bauman (/. Biol. 

1920 41 147 143)* — Ammonium gluconate and ammonium 

galactonate may be obtained in 50% yield by the action of mercuric 
acetate on dextrose or galactose in the presence of ammonia. 
iSannose and lactose are also oxidised by this method, but the 
ammonium salts of the acids formed have not been isolated in 
crystalline form. C. D, 

The Heptoses from Gulose and some of their Derivatives. 

F. B. La Forge (/. BioL Chem., 1920, 41, 251— 256).— Gulose was 
converted into a mixture of a- and i3-guloheptonic acids by the 
cyanide synthesis. A mixture of the barium salts yields on 
crystallisation rosettes of plates of the barium salt of o-guloheptonic 
acid, Ci^H^fiO^gBa. 

a-</-Gulohep tonic acid was a colourless syrup, which did not 
crystallise. It yielded a crystalline phenylhydrazide, long, 
white needles, m. p. 191—192'^ (uncorr.), [o]^ -15*38°. 

a-d-Oidohepfose, C7HJ4O7, obtained by reduction with sodium 
amalgam, forms rosettes of long needles, m. p. 185 — ^187° (uncorr.), 
[a]“ -65 '65° 

a-Guloheptitol, C7H^g07, rosettes of hard prisms, m. p. 138 — 14P 
(uncorr.). No rotation was shown by an approximately 5% solution 
in water. 1*0624 Grams in 25 c.c, of saturated borax solution 
gave in a 4-dcm. tube Op, +0’68°. 

jS-Guloheptonic acid and B-gtdoJieptof:e were obtained from the 
mother liquors of the barium salt of a-guloheptonic acid. On 
reduction of the syrupy jS-guloheptose, another syrup was obtained, 
which, as it did not crystallise, was converted into henzyUdene-fi- 
guloheptitol, m. p. 260° (decomp.). 

$-GuIoheptitol, C7Hig07. has m. p. 128 — 129° (uncorr.). 
0*3175 Gram in 5 c.c. of saturated borax solution showed no 
appreciable rotation in a 1-dcm, tube. J. C. D. 


Tbe Constitution of the Disaccharides. IV. The Struc- 
ture of the Fructose Residue in Sucrose, ’Walter Norman 
Haworth (T., 1920, 117, 199— 20§). 
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Biochemical Synthesis of a Mannohiose. Boubqxtblot 

and H. Hebissey (/. Pharm, Ghim., 1920, [vii], 21, 81 — 85). — 
file enzyme seminase (A., 1900, i, 320) obtained from luoeme 
seeds, when kept for ten months in concentrated mannose solution 
containing a small quantity of toluene, converted the mannose, in 
pa^rt, into a sugar having a higher optical rotation. This sugar 
^as isolated in an impure state, and appeared to be a mannobiose. 

W. P. S. 

Determination o! the Value of Difierent Acids for the 
hiquefaction of Starch. P. Bettingkr {Bull Assoc. Ckim. Suer., 
1919, 37, 126 — 131).— The relative activities of hydrochloric, 
sulphuric, and certain organic acids in producing liquefaction of 
the starch in ground cereals, under similar conditions of heating, 
are accounted for by the different degrees of ionisation of the acids. 
I'gee, further, J. Soc. Chem. Ind., 1920, 244 a .,] J, H, B. 

Action of Saliva Ash on Starch Solution. Fr. K, Schulz 
(Ferment forsch., 1919, 3, 72 — 74; from Chem.. Zentr., 1920, 
i. 8 — 9). — In repeating Biedermann's experiments (this vol.. i, 1^51 
with saliva ash, the author has encountered the same difficulties as 
Wohlgemuth and Sallinger. Since the ash was strongly alkaline 
in reaction, whilst Biedermann describes the use of a neutral or 
faintly acid ash, and, on the other hand, the dependence of diastatic 
processes on the reaction is well known, the ash was made very 
faintly acid with hydrochloric acid. Reaction was immediately 
observed, which could be stopped bv addition of an excess of tbe 
acid. The time of action varied between twenty minutes and 
several (generally four to six) hours. Optimum action probahlv 
depends on the absolute quantity of ash and a definite degree of 
acidity. Urine ash, when kept faintly acidic, invariably gives a 
positive result, H. W. 

Autolysis of Starch. Reply to Wohlgemuth and Sallinger. 

W. Biedermann (Ferment forseh., 1919, 3, 70 — 71 ; from Chem. 
Zentr., 1920, i, 9. Compare this vol., i, 15). — The discordant 
results obtained bv Wohlgemuth (A.. 1919. i, 361) and Sallinger 
(this vol., i, 15) are explained by the different reaction of the 
saliva ash in the various instances. The ash used by the author 
was neutral very faintly acidic; it now appears that this 
behaviour is exceptional, and that the hydrolysis of starch by saliva 
^sh is dependent on tbe reaction of the latter, as is to he expected 
from the known influence of alkali on amylase action (compare 
Schulz, preceding abstract). H. W. 

Lignin. IT. .Fusion of the Lignosulphonic Acids wltii 
Potassium Hydroxide. Max Honig and Walter Fuchs ( Momtsh ., 
1919, 40, 341 — 349), — The removal of the sulphonic groups from 
the barium salts previously described (A., 1918, i, 375) by fusion 
^ith potassium hydroxide is only complete at 250 — 300°. In each 
case» protoc^t^hpic acid is the sole product (compare Melander, 
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A. 1919, i, 473) obtained after solution of tbe fused mass in 
water acidification, filtration from insoluble matter (amounting to 
about one^tbird of tbe purely organic portion of tbe original 
material), and extraction with ether, tbe quantity obtained corre- 
sponding with 13—19% of tbe organic portion of the original 
material. In addition, a small quantity of matenal is not removed 
from the aqueous solution by ether. The lignosulphonic acids are 
therefore complicated aromatic sulphonic acids containing the 
carbon skeleton of protocatechuic acid. J. K, 

Preparation of Methylamine from Ammonium Methyl 
Sulphate. William Smith Denham and Lionel Frederick Knapp 
(T., 1920, 117, 236—247). 

Double Salts of Cerium Tetrachloride. F, di Stepano 
(AnnaJi Chim. Ajipl., 1919, 12, 130 — 136). — Owing to the 
instability of quadrivalent cerium, the tetrachloride of that metal 
has not been isolated, but Koppel (A., 1R99. ii, 98) prepared stable 
double salts of cerium tetrachloride with pvridine, quinoline, and 
triethyl amine, which he concluded to be derivatives of a hydro- 
chloroceric acid, HoCeClf;, Various new double salts of this acid 
are now described. The f ef rnm cthvIn?n7nomiim salt, 
CeCl4.2N(CH,)^Cl, 

was prepared by adding a concentrated solution of tetramethvl- 
ammoniiim chloride in methyl alcohol to a solution of ceric chloride- 
in the same solvent, and washing the resulting yellow, crystalline 
precipitate first with methyl alcohol satnrated with hydroo'en 
chloride, and then with ether. Tt is stable in absolutely dry air, 
but completely decomposed on exposure to moist air, and when 
dissolved in water rapidly liberates chlorine. The tetraefh/l- 
ammonwm, salt, CeCl,.2N’(C..IT-d,Cl, is obtained in an analogous 
manner. It is much more stable than the preceding compound, 
and is only slowly decomposed when dissolved in water. It 
liberat-es iodine from potassium iodide (ratio o^. Co to active Cl = 
1:0 99). ^ The raffew-e salt, CeCb(CoDif)O^M^.lTCl),,, forms reddish- 
orange, silky crvstals which are quite stable in dry air, and only 
decompose slowlv in moi«t air (ratio of Ce to active C1^1:1'06V 
Theobromine hydrochloride gave a yellow, crystalline powder with 
cerium t.etrachloride, the exact composition of which could not be 
determined owing to the presence of the excess of nlkaloid hvdro- 
pnobablv CeCl4,2(C-H,O.N„nCI). The qvwme 
salt, CeCl4,2(CrjfiH240oIsrr,,2HCI), was obtained in large, reddish- 
orange crystals, in which the ratio of cerium t-o active chlorine was 

C. A. M. 

A New Method for the Preparation of Hexamethylene- 
tetramine. Walther 'Rmzoc. (Zeilschangew. C/iCTO.,1920,33,48). 
T1 L ammonium carbonate is treated with 40% form- 

aldehyde soinhon, it readily dissolves, even without application of 
h brisk evolution of carbon dioxide and formation of hexar 
Tnethylenetetramine. The solution is evaporated to dryness on a 
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crater-bath imder reduced pressure, and the residue is either 
sublimed in a vacuum or recrystallised from absolute alcohol. The 
^niount of ammonium carbonate should be about 10% in excess of 
fbe theoretical quantity. A yield of about 66% is obtained. 

W. J. W. 

Solubility of Hexamethyletjetetramine. F. Utz (SutldenUeh. 
{path, Zeit.. 1919, 59, 832; from Chem. Zentr., 1920, 
t 170). — T67 Grams of hexamethylenetetramine dissolve in 
one part of water at the ordinary temperature (I) T0985) ; larsjer 
fiiiantities dissolve in hot water and separate on cooling the solution. 
At the ordinary temoeTature. 100 c.c. of the solvents dissolve the 
following amounts of hexamethylenetetramine, expressed in ^rams: 
ethvl ether, 0-06 (on warmincr. 0’38) ; trichloroethylene, O'll; 
xvlene, 0T4 ; carbon disulphide, 0T7; benzene, 0-23; tetrachloro- 
cthane. 0*50; acetone. 0-65; carbon tetrachloride. 0’8.^ ; amyl 
alcohol. 1‘84; absolute alcohol, 2-89; 90% alcohol, 5-58 (large 
niiantities dissolved in the hot solvent separate from the coole/1 
solution until the lattpr contains 6*4 grams) ; methvl alcohol. 7-26 
fiu warm .solution, 11-93). Chloroform is the best solvent, the cold 
<;ohition containing 13-40 and the hot solution 14-84 grams; the 
bulk' of the dissolved substance can be precipitated from its solution 
in chloroform bv addition of ether. Hexamethylenetetramine is 
iii‘!oluble in light petroleum. When obtained from solution and 
lined in the steam-oven, hexamethylenetetramine is somewhat 
volatile with the vapour of the solvent, 18’38% of it being removed 
in forty hours. 'Determination of the refraction is best efPected in 
aqueous methyl -alcobolic solution. H. W. 

Metallic Compound*? of Glycine and Asparagine. II. A. 

hsuNAUPi (Gazzeffa^ 1919, 49. ii. 318—325. Compare A., 1914, 
i. 1167). — The double romvfnind of mercury aminoacetate (compare 
lev and Kissel, A., 1899, ii. 485^ and mercuric chloride, 
(NH,-CHn-CO..V.Hg,HgCU,HoO, 

nrepared from glycine and mercuric chloride in dilute alcohol at 
50 - -60°, forms a white, infusible precipitate, which gradually loses 
its water of crystallisation in the air. 

The double comvound of mercurv asparagine and mercuric 
sulphate. [NH„-CO-CH(NH.)-CH.-C 0 . 3 %Hg.HgSO,. forms a white, 
ftof’culent precipAtate and decomposes, without melting, at a high 
temperature ; it is rapidly decomposed in the hot by concentrated 
notassinm hydroxide solution and by ammonia solution, with pre- 
cipitation of mercurv in the former case and of in erciiri ammonium 
!^ulnhate in the latter. 

The chromium compound of asparagine. 

[Nh;-co*ch(nh.)-ch„-co,,ia320, 

Prepared from asparagine and chromic acetate, crystallises in tufts 
of amaranth-red needles, forms an alkaline aqueous solution, and 
about 200'^. The nichel compound of asparagine, 
‘H. 2 ’CO’CH(NH,)'CH<,*CO.-,h!N'i, 2 H:iO. prepared from asparagine 
nickel hydroxide, crystallises in blue, rectangular plates, has 
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an alkaline reaction in boiling aqueous solution, and decomposes ! 

at above 200°. The cobalt i p ott n 

rNH2*C0'CH(NH2)*CH2’C02]2Co,2H20, 
prepared from asparagine and cobalt hydroxide, crystallises ia 
Laranth-red mamillary masses, shows an alkaline reaction in 
boiling aqueous solution, and decomposes at above 200 . 


Amino-acids. II. Hydroxy^lutamic Acid. Hbnby Brysdalk 

Dakin (Biochem. J., 1919, 13, 398-^29).-ne author has 
described previously the isolation of ^-hydroxy glutamic acid from 
"^products of hydrolysis of caseinogen (A., 1919, i, 150). 

Attempts to synthesise this acid by brominating the acetyl deriv- 
ative of jS-hydroxyglutaric anhydride, and then acting on the 
bromo-compound with ammonia or by reducing ethyl o-oximino- 
acetonedicarboxylate, were unsuccessful- Small traces of a sub- 
stance closely resembling the desired amino-acid were obtained, after 
some difficulty, by reducing with sodium amalgam the condensation 
product of orthoformic ester and ethyl oximinoacetonedicarb- 
oxylate, and a similar result was obtained by the application of 
Strecker’s method to malic semialdehvde. More satisfactory resets 
were obtained with glutamic acid (I), which was conver^d into 
a-carbamidoglutaric acid (II) by the action of potassium cyanate, 
and hydantoinpropionic acid (HI) was obtained from the carb- 
ami do-acid by the action of hydrochloric acid. The action of 
bromine on hydantoinpropionic acid in concentrated solutions in 
glacial acetic acid gave two products. One would appear to be 
hydantoin-j3-bromopropionic acid (V) and the other hydantoin- 
jSy-propenylic acid. If the action of bromine is carried out in 
presence of fuming hydrochloric acid. hydantoin-/5-chloropropionic 
acid (VI) is obtained. The conversion of hydantoin-jS-bromopro- 
pionic acid into the desired hydroxvglutamic acid was not accom- 
plished with ease. On boiling with water, an unsaturated acid 
(VII) is obtained, which, on prolonged treatment with hot barium 
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liydroxide solution, is converted into 3-iiydroxyglutamic acid 
(YIII). Calculated on the original glutamic acid, the yield is 
about 2%, 

Sufficiently large amounts of the new amino-acid were not 
obtained to permit of a detailed study, but its properties are all 
similar to those of the. naturally occurring acid isolated from 
caseinogen. It gives a cherry-red ’colour with diazobenzene- 
sulphonic acid in the presence of sodium hydroxide, which becomes 
intensely deep on warming. 

Other methods of synthesis were attempted, but were not found 
practicable. Such were bromination of benzoylglutamic acid, with 
the hope of obtaining benzoylaminoglutaconic acid by removal of 
hydrobromic acid • reduction of o-toluidineazoacetonedicarboxylic 
ester, and of various hydrazine derivatives of that ester; condensa^ 
tion of oxymethylenehippuric ester with malonic ester; condensa^ 
tion of dichloroacetal with malonic ester, followed by reactions 
analogous to Leuch's synthesis of serine; reduction of oximino- 
glutaconic ester and of ethyl hydroxywooxazoledicarboxylate. 

The following compounds are described: ffydantmTi-^^hromo- 
pfopiwic acid, CpH 704 N 2 Br (V), white cub^ and rhombic prisms, 
m. p. 228 230^ (decomp.). Hydantoin-^y-propenyUc add., 
(IV), sulphur-yellow, hexagonal prisms, m. p. 222—223'^, 
folid sublimate being obtained. If ydanidn^^-chloro'pro'pionic 

add. C^HtOiNoCI, rectangular plates. Uydantoinacrylic add, 
(VII), CfiHgO.N:,, rosettes of sulphur-yellow needles, m.p. 256 — 258® 
(decomp.). ^Hvdroxyglutamic acid (VIII), C^H.O.^N, passes, on 
heating, ^ into hydroxypyrrolidonecarboxylic acid.' Copper salt, very 
soluble in water, insoluble in alcohol. 'Strychivinc salt, 
rosettes of needles. Malic seraialdehyde, or /3-hvdroxy-y -aid ehy do- 
butyric acad, C 4 Hf, 0 ^, did not crystallise; its seTaicarhazone, 
forms prisms, m. p. 211° ; the ^-nitroplienylosazcmc, 

m. p. 297—299® (corr.). This compound was identical with the 
p-nitrophenylosazone prepared from the aldehyde produced on the 
oxidation of the natural hydroxy glutamic acid. jS-Hvdroxy-yy- 
diethoxybutyric acid, clear oil, b. p. 120®/5 mm.. 

Dossesses a sour odour. The nitrophtnylomime of the related 
tartronio semialdehvde, m. p. 310® (corr.), forms 

rosettes of fine needles, 

JHydroxyglutamic arid in 4% solution in water has fa]^ about 
but a 2% elution in hydrochloric arid has fa]^ +16*3°. 

+ potassium salt is practically undetectable, but 

the addition of uranium nitrate renders it strongjy Isvorotatory. 
!)frvchmne ^Sdiydroxy glutamate, prismatic needles, m. p. 245®, 
(aiD '26-3®. Brucine d-B-hydroxyplutamate, needles! 

^ about 200®, [a]* -25*0®. S trychnine d - glut amate, 

wno glistening prisms, m. p. 225—230®, decomp. above 

, [o]d -25'5®. Brucine d-ghtamate, a8H3,,08N5,5-5H.O, 
p. 101®, anhydrous salt, m. p. 240®, stout, prismatic needles 
satin lustre, [a]® -23®. Strychnine \-aspartate, CgsHgjOflNj, 
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fine needles, m. p. 252-255° [a]“-28'3°. Brmine Uspartau, 
C,.H„0gN„5H,0, fine needles, m. p. 100°; anhydrous salt, n. p 
200°, [al^-28‘4°. Strychnine \-a-pyrrolidonecarhoxylate^ fan. 
shaped masses of fine needles, m. p, 245°, [o]n —26*7° Brucirif 
\-a-'pyrrolidonecarhoxylfite, well-formed prisms, m. p. 180 — ’ISS® 
decomp, above 140°. [a]n 

0-TTydroxyglut.amic acid was isolated to the extent of 2*4% from 
gliadin and” 1*8% from glutein. When administered to tte 
phloridzinised dog, jS-hydroxyglutamic acid yields 55 60% of its 

weight as dextrose, apparently three of its five carbon atoms being 
concerned in sugar formation. J. C. I). 

Preparation of Derivatives of Bronioacylised Carbamide 
Compounds. Farbe\fabriken vorm. F. Bayer & Co. (Brit. Pat. 
132795).— On treating bromoacvlised carbamide compounds with 
acvlising agents in presence of condensing agents, such as zinc 
chloride or sulphnric acid, acyl compounds are obtained which have 
a rapid but lasting sedative and soporific action. Examples are 
given of the preparation of nrMvlhrorno-a-ethvlhutvrylr.ar}>amidt, 
m. p. 108 — 109°, from bromo-a-ethvlbutyrylcarbamide (474 parts'), 
acetic anhydride (1000 parts), and zinc chloride (75 parts!, the 
mixture being beated for one hour at 60° and then poured into 
iced water (3000 parts) ; of aceivlhromoi^m'aJerylraThamide.^ m. p. 
108 — 109°, from bramo^nvalerylcarbamide and acetic anhydride: 
of jyromonylhromo-a-efhylhutyryhnrhn.mide, m. p. 103°; and of 
henzoylhromo-a-ethylhutyrylrarhamide, m. p. 139 — 140°, sulphnric 
acid being employed as condensing agent in each of the laM' three 
examples. G. F. M. 

Compounds of Univalent Nickel. III. T. Bellucoi (Gazzdta, 
1919, 49 , ii. 285 — 293). — Repetition of the work of Moore (com- 
pare A., 1894. i, 102; 1895, ii. 168) yields the following results. 
When treated in the hot with ammonium chloride solution, ordinary 
potassium nickclocyanide reacts only in virtue of the potassium 
evanide it contains, the nickelous cyanide remaining unchanged: 
K.NifCN), + 2NH,Cl-Ni(CN).4-2KCl + 2NH,CN. With the red 
nickelocvanide (compare A., 1919, i. 526), under similar conditions, 
two distinct reactions take place: (1) An oxidation, which depends 
on the marked tendenev of the red salt to undergo conversion info 
the ordinary yellow nickelocvanide, and may follow one of the two 

schemes, 4K.Ki(CN), — > 3K.Ni(CN)^-f K,0-f NiO and 

_ 4K2Ni(CN^. - - 3K.Ni(CN)4-f KgO + Ni. 

If the reaction is carried out in an inert medium or with the inter- 
vention solely of the combined oxygen of the water, as in Moore’s 
experiments, the process of oxidation should proceed mainly accord- 
ing to the second of these two schemes, (2) Precipitation of 
nickelous cyanide as a result of the action of the ammonium 
chloride on the yellow potassium nickelocyanide formed in reac- 
tion (1). The oxidation (1) proceeds very rapidly, since the 
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jjumoniuiii cliloride undergoeQ gradual Jiydrolysis and loss of 
jnuflonia, the hydrochloric acid thus liberated iu the solution 
^ting with the potassium oxide lonxied dunng the oxidation. 
j.li6se conclusions are completely verined by tne experimental 
i^ults. 

Moore’s supposed suboxide, NigOj^H^O, consists of a mixture of 
pulverulent metallic nickel with hydrated nickeious oxide, ISliUjAq. 

T. H. P. 


i^reparatioa ot the Tri- ami TetrU'Carhoxylic oi 

UjUirtifiiiio ttua ol XitJCiyi d^-iuyai’aziueaicarhoxyiaitt. orro 
UiELS and Erich Eobgwarot {per.j lyilO, b3, [3\, ioU—lod}.— 
Dicarboxi/etliylnitroamzde- [ethyt mtroimnodicarboxylatel 
]S0/N(C02Et)2, 

b. p. 115—117^/14 mm., was prepared by the action ol ethyl 
ctbroiormato on the potassium salt ol nitrourethane in boiling 
toluene solution; attempts to reduce it to ethyl os-hydrazmedicarb- 
oxylste were unsuccesslul, since ethyl imiuodicarboxylate was 
loriued with zinc dust in alcoholic solution or with sodium amalgam 
in moist ether, whilst the action oi stannous chloride in ethereal 
solution in the presence of hydrogen chloride yielded the iminodi- 
carboxylic ester and hydroxylamine hydrochloride. Better results 
were obtained by acting on the potassium derivative of ethyl 
benzylidenehydrazinecar boxy late with ethyl chlorotormate, wbei’euy 
dh^l bemyUdenekydrazintdicarboxylate^ CHi:'hiN’K(C 02 Et) 2 , 
prisms, m. p. 38 — 39^^ after softening at 37°, was obtained, which, 
when treated with phenylhydrazine in boiling ac^ueous-aicoholic 
jolution, gave Denzaidehydepheuyihydrazone and eluyt a^-hydr- 
aiiihdicarooxylate, silvery prisms, m. p. 29 — 30°, b. p. 138 — 139°/ 
12 mm. (the iiydrochloi-ult, m. p. 83 o° [? aq.j, m. p. 107— 1U8° 
[alter desiccation over phosphoric oxide at 3o°J, was analysed), 
lie ester was decomposed by distillation under ordinary pressure, 
yielding ethyl s-hydrazinedicar boxy late and a reddish-brown resin; 
It was converted by o-nitrobenzaldehyde into etkyl o-nitrobenzyi- 
dtuhydrazmedicarbaxijiate, pale yellow crystals, m. p. 26 — 27'^. 

Ethyl a«-hydrazinedicarboxylate was treated with ethyl chloro- 
lormate in dry ethereal solution, whereby a mixture of ethyl 
tw-hydrazinedicarboxylate and ethyl hydrazinetricarboxylate was 
formed; the latter was transformed by the successive action of 
potassium and ethyl chloroformate in toluene solution into ethyl 
l^jjdrazinetetracarhoxylate, colourless, highly refractive, viscous oil, 
b. p. 145 — 146°/0*65 mm. 

Ihe preparation of ethyl hydrazinetricaThoxylate, colourless, 
highly refractive oil, b. p. 184 — 18 6°/ 9 mm. (slight decomp.), was 
eHected by the successive action of sodium and ethyl chloroformate 
ofi an ethereal solution of ethyl hydrazinecar boxy late (ethyl 
^•nydrazinedicarboxylate, long needles, m. p. 131°, was simultane- 
formed), or by the interaction of ethyl chloroformate and 
dhyl os-hydrazinedi car boxy late. Investigation of the ester is not 
completed, but it has been shown that one ester group is readily 
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eliminated ; thus, aqueous potassium hydroxide solution was fouucj 
to convert it into ethyl s-hydrazinedicarboxylate and potassium 
carbonate, 

C02Et-NH-N(C0aEt)2 + HgO = COg + EtOH + (NH'COaEt)^, 
whilst propylamine transiormed it into a mixture of ethyl ^-hydr- 
azinedicarboxylate and diprapplurethme^ colourless, pleasant- 
smelling liquid, K p. 83*^/10 mm. H. W. 


Reduction of Aromatic Nitro compounds by means oI 
Platinum and Hydrogen. G. Gusmano {Annali Chim. Ap^i^ 
1919, 12, 123— '130).~Aromatic nitrocompounds in ethereal boIu’ 
tion are rapidly reduced to amines when shaken with platinxun- 
black in an atmosphere of hydrogen. A gradual reduction through 
nitroso-compounds and hydroxylaminea is thus efiected in the case 
of nitroter penes, whereas in the case of aromatic compounds only 
a mixture of amines and unaltered nitro-compounds is obtained. 
The reduction has been found to proceed as shown in the following 
equations in the case of p-nitrophenol, p-nitroanisole, p-nitro- 
toluene, o-nitrotoluene, and w-nitroaniline, although sufficient 
hydrogen was supplied for the formation of the intermediate 
nitroso-compounds or j3-hydroxylaminea : 

3R*N02 + 3H2-2R-N02+R-NH2 + 2Ha0, 

3R-N'02 + 6H2-R-N02+2R-NH2 + 4H20. 

The reduction of certain nitroso-compounds into hydroxyl amines 
follows a similar course. The above-mentioned reactions do not 
agree with those obtained by reduction with ordinary chemical or 
electrochemical reagents, which proceed as follows: R’NOg — > 
R'NO — R'NHoO — >■ R'NHg. The nitroso-compounds are always 
produced in small quantity, but under favourable conditions god 
yields of the ^-hydroxylamines are obtained. J3- Hydroxy lamiues 
offer more resistance than nitro-compounds to the action of 
ordinary reducing agents, but are reduced more readily 
than nitro-compounds by hydrogen and platinum-black. The 
velocity of the reduction of a ^-hydroxyl amine depends also 
on that of its transformation into the tautomeric form 
containing nitric nitrogen, R*NH‘OH ^ OINHgR. This 
transiormation may become very rapid when the radicles in 
the hydroxylamine have no influence on either form, but in acid 
media, or in the presence of negative radicles tending to stabilise 
the first (aminic) form, there may be retardation of the reduction, 
so that the velocity of reduction, from being equal or superior to 
that of a nitro- compound, may become less than that of the latter. 
Preliminary experiments have shown that in the case of a mixture 
of p-nitrotoluene and azoxybenzene, the former is preferentially 
reduced. C. A. M. 

Remarkable Instance of Isomerism in the Naphthalene 
Series. Hartwig Euanzen and Fritz Helw’ert (Ber., 1920, 53, 
[^]> — 322). — For investigation of the replaceability of the 
chlorine atoms in chloronitronaphthalenes, the authors have 
required l-chloro-4-nitronaphthalene, pale yellow crystals, m. p- 
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which th&y have prepared with difi&c\ilty in accordance with 
Attcrberg’s directions, and have confirmed his results. As, how- 
ever, the yields are bad, they have also prepared it from 4-nit ro- 
^-naphthamine by Sandmeyer’s reaction as modified by 
fillmann; in general, the product obtained in this manner was 
jdeatioal with that prepared by nitration of a chloronaphthalene, 
|,ut on one occasion, without apparent variation in condition, the 
ifibitc^nce which was isolated formed yellowish-green crystals, m. p. 
5 (^ 61 °, and gave analytical results agreeing with those requir^ 
for l-chloro4-nitronaphthal6n6. This is not a case of physical 
isomerism, since it is not possible to convert the more fusible into 
tie less fusible substance, and since also the two substances yield 
(iilferent p^erwfin-tHierivatives, yellowish-brown needles, m. p. 
(0^71°, and yellowish-brown needles, m. p. 63 — 64°, respectively, 
whilst also the rates of reaction with piperidine are very different 
iu the two cases. As there appears to be no possible doubt as to 
the purity and uniformity of the starting materials, an instance 
of isomerism which is inexplicable by the aid of the generally 
accepted formula of naphthalene seems to be presented. Unfortu- 
nately, it has not been found possible up to the present to repeat 
the preparation of the isomeride, m. p. 60 — 6P. H. W. 


Synthesis of 3 : lO-Dichlorophenanlhrene. Paul 
(Ser., 1920, 53, [5], 158 — 167). — The experiments were undertaken 
with the object of elucidating the constitution of some of the 
dichlorophenanthrenes obtained by Sandqvist and Ha^elin (A., 
1919, i, 11); the substance described by these authors as II-IO : 3(6)- 
dichlorophenanthrene is found to be identical with 3 : lO-dichloro- 


^^7 1 . 7 ■ • • -.7 NO./aH4-C-H 

i-T^Vhlorophenyl^O'mtroctnimmK acid, A nVA ^ 

W obtained by heating potassium yHjhlorophenyl acetate with 
o-nitrobenzaldehyde and acetic anhydride, filtration from acid 
potassium acetate, and dilution of the filtrate with a regulated 
amount of water, whereby the acid is precipitated as pale yellow 
cubes, m. p. 190*2 — 190*7° (corr.). (The ammonium salt, yellow, 
lustrous ne^les, barium salt, yellow cubes, and calckim salt, prisms, 
are described.) Further dilution of the filtrates mentioned above 
yields a further precipitate, from which dWo-a-p-chlorophenyl-o- 


^ j I . jj • C • H 

^tminnamie acid, “ ^ J M m. p, 148-5— 150° (corr.), 

Jg H * ty* 1 

8 isolated. The substance is characterised as the o/^cK-acid by its 
lower melting point, the greater solubility of its salts (the 
mmonium salt is described), its non -isomerisation by iodine, its 
feasibility to the action of light, and the formation of a compound 
yith aniline, yellow needles, m, p. 124°. 

^^'VhloTophtnyl<HJurriinocinnamic acid is formed in a yellow and 
||J»lo^lees modification, both of which have m. p. 224°, by the 
|wuctiou of the nitro-acid with ferrous sulphate and ammonia (the 
Wockloridt, sulphate, and ammonium, calcium, and barium salts 
described), and is transformed by acetic anhydride in the 
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preseace of ”f 

carooitynl, long, amino^acid into o-p-cA^oro^Aenyi-o- 

DiazotisatioE conv Yfhich are stable at the ordinary 

diazocmiminic acid, y i Qp 'froni which Z-chlorofhmianthHnt^ 

toperature but explode at 101 . 301*5-^011*5° is best 

ii^^carboxykc acid, (the calcium, barium, copper, 

obtained by the described) Distillation under diminisUeci 

si;, rdi:“ ^ 

hJjS 5-3 ml» *• ■ p. .b«. 

2/00 Xchf With benzaldehyde and acetone, mp«Uvely, yield, 
the ’cormptnding bcmylulenc derivative, colourlees, pnemauc 
ueedl^ in p. 248-24^0 (eorr,), and is^opy/«iene derivative 
bnl colour^ needles, m. p. 243-245° (corr.). DiazoUation o, 
the ivJtazide is best eflecled by nitrous fumes, and yields the corre- 
spLding a^xie, m. p. about 96° (decomp ) The atter is coo- 
verLl by boiling absolute alcohol into 'i-ohloro-W-phenaMry!. 
urMaJ C.^nXI-NH-COjEt, colourless, slender needles, m, p 
197 5° (corr after previous softening, which, on treatment with 
boiling conointrated hydrochloric acid, yields 3-oAW 0-™». 

phenunthrene, pale yellow prisms and needles m pr 2-142 p 
(con-,). [The hydrocUorulc, m. p. about 230°, and ^6 
hemlyl derivative, colourless, silky needles, m p. 2^ 5 (corrj, 
are described.] Diazotisation of the amine and treatment of Ih 
yellow diazonium compound with cuprous chloride leads to the 
formation of 3 : 10-dichlorophenanthrene, colourless, slender needles, 
jji 117^117-50 (ccjrr,), in rather poor yield. H. W. 

Constitution of Two Series of Doubly Substituted 
Phenanthrene Derivatives . 3 : 9-Dibroinophenanthrene, 

Hakan Sandqvist {Ber., 1920, 53, [B], 168-171).-In previous 
communications, several disubstituted phenanthren^ have ee 
described in which one substituent is present in the bndge^ (say la 
position ID), the other in position 3 or 6; two genetic series a\e 
thus been prepared, which have been provisionally designated 
and II. The allocation of the annexed formula? to the member^ 

of the two series is rendereo 
R R difficult, since the atom in th(; 

/ io\ /Tn\ bridge is affected by oxidation. 

/ — \ / — \ / \ / \ and the frequently assuniet 

\b /“\ / \ / \ 3 / aliphatic character of tin 

U H. linking in the bridge is no 

such as to allow the 

replacement of the substituting atom by other groups. “ 

synthesis of 3 : lO-dichlorophenanthrene by Nylen (prec ! 
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jtstraot) has, however, shown that this substance is identical with 
lllO : 3(6)-dichlorophenanthrene obtained by Sandqvist and 
Hagelin (A,, 1910, i, 11), so that all derivatives belonging to the 

I series are 10:6( = 9:3)-coinpounds, whilst those belonging to the 

II series are 10:3(=9:6)'Substance«9. 

potassium 10-broinophenanthrene*6-sulphonate is converted by 
phosphorus pentabromide into lO-bromophenanthrene~B-sulphonyl 
Iromtde, yellow prisms, m. p. 202—203^ (slight decomp.), which 
is converted by further action of the same reagent into 3 : 9-it- 
hT&i^oph^'^^fi'i^threnc^ pale yellow needles and" prisms, m. p, 
143 — 143'5^. Chromic acid converts the latter into 3-bromo- 
phenanthraquinone. gr 

The Acenaphthene Series . j. Fritz Mayer and Waldemar 
K.utmann (Ber., 1920, 53, [5], 289 — 298). — The experiments were 
undertaken with the twofold object of preparing technically valu- 
able derivatives of acenaphthene and of synthesising' aceace- 
naphthene (annexed formula) ; the latter purpose has 
CHg'CHg not been effected up to the present. 

A A Dibromoaoenaphthene tetrabromide, colourless 
I I crystals, m. p. 179<-180°, is prepared by the addition 
\ 3 solution of bromine in chloroform to a boiling 

I I solution of acenaphthene in the same solvent; it is 
CHfCHjj converted by boiling concentrated alcoholic potassium 
hydroxide solution into tetrahro7n.oacenaphthene, 

. orange crystals, ra. p. 180 — 181°. 

■yEthi/Iacen/iphfhene is obtained as an oil, b, p. ca. 166°/ 

1^0 mm., 310°/atmos. pressure, by the action of ethyl bromide on 
awnaphthene in the presence of aluminium chloride. The corre- 
sponding picrate forms red crystals, m. p. 95—96°. The constitu- 
tion of the hydrocarbon is deduced from its oxidation through 
i-efhj/hmphihnlene-l :S^-fIirarhor?/Jic nnhp/Iri/fe, m. p. 180° to the 
previously described anhydride of naphthalene-1 :4 : 8-tricarboxylic 
acid, m._ p. 248°. Bromination of 5-ethylaccnaphtliene gives a 
vellow oil, b. p. above 170° /vac., which remains unchanged when 
biilM with an excess of alcoholic potassium hydroxide solution. 
Distillation of 5-ethylacenaphthene with zinc dust yields 
acenaphthylene. 

o-Chhrmcetyhrenaphthene, m. p. 104°, is prepared by the 
Mion of chloroacetyl chloride on the hydrocarbon in the presence 
of ahmiiiium chloride. Nitration of 5-acetylacenaphthene by 
i‘39) in the presence of glacial acetic 
w CO acid gives lniiro~^-a.cetyhcenaphthene, m. p. 204°. 
A/\ Pvridino-4 :5-arenaDhthene has m. p. 60—61° whereas 
j I j Zinke and Baith (this vol.. i, 89) give 67°. 

\/\/ ^-^^ironcennphfhene-l:%qmnone{a.ririex^d formula), 
slender, yellow needles, m. p. 199°, is prepared by the 
nitration of accnaphthenequinone by concentrat-ed 
anrl i sulphuric acid and nitric acid (D 1‘51). (The man^ 
^menylhpdrazones form dark reddish-brown needles, m. p. 
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186» and darker erystals. m, p. U8°, respectively.) ^e quinon, 
is oxidised by sodium dichromate in th© presence 
of glacial acetic acid to 4*nitronaphtha]ene-l : 8-di. 
carboxylic acid, the anhydride of which has m. p. 


CHOOO2H 

\/\/ 

NO, 


carboxylic acm, ui« p 

220® Concentrated potassium hydroxide solution 
converts the nitroquinone into 4( ?5)-nitronapUli- 
aldehydic acid (annexed formula), m. p. 245—247® 
^:Q^Dinitroacenaphfhene-l:2-qmnon€, in. p. above 

300® (slow decomp.), is prepared by the more energetic nitration 
of acenaphthenequinone, and is oxidis^ by sodium <iicMomate in 
boiling glacial acetic acid solution to the of 4 : 5-rftmfro^ 

arid, m. p. above 300®; the latter 
substance (m. p. 310®) appears also to be formed by the oxidation 
of 5 : G-dinitroacenaphthene. H. W. 


Preparation of Aromatic Nitro compounds of Retene and 
its Hopiologues. Rodkrt Ahnot (D.U.-P. 315623; from CJim. 
Zentr 1920, ii, 188 — 189).— Retene or retenequinone, or a resin 
oil of high boiling point, particularly tar tallow, is treated with 
nitric acid (D greater than 1-43) in the presence or absence of 
fumintr sulphuric acid. Dwifroretene, from retene or tar tallow 
and red, fuming nitric acid or concentrated nitric acid: 
(D 1'48— 1-52) at 15®, forms a lemon-yellow, flocculent precipitate; 
the diazonium compound derived from the corresponding amine 
yields azo-dyes with suitable components. Dinitroreteneqmmne., 
from the quinone, gives an olive- green solution in alcoholic alkali, 
which becomes red when warmed and green again when cooled; 
the hob alcoholic solution of dinit roretenequinone becomes red on 
addition of alkali. Nifrorefeneml'phmic acid, from ^retene, %% 
oleum, and nitric acid, forms a yellowish -brown precipitate. 

H. W. 


Fluidities and Volumes of some Nitrogrenous Organic 
Compounds. Eugene C. Bingham, Henry S. van Kloostir, and , 
Walter G. Kletnspehn (/. Phvfiical. CJiem., 1920, 24, 1—20,; 
Compare A.. 1910. ii, 395).— The liquids examined were very care- 
fully purified, and their corrected boiling points are recorded, a'^ 
follows: benzonitrilc lOOri®, o-toluidine 198*2°, aniline 182*7®. di- 
ethvlaniline 212®. dimethvlaniline 192-37° (m. p. 2*1®1, ethylanilmc 
203*6°, methylaniline 194*7®, and nitrobenzene 209-3°: these differ 
in many cases from the generally accepted values. The density 
and viscosity have been determined at intervals of 10® over the 
temnerature range 0—100®. Thp experimental results show that 
anilinp is considerablv associafed : substitution of grouns in 
benzene nucleus has hiit little effect on the association. whiM 
successive substitution in the amino-group reduces the association 
progressively. The atomic constant for nitrogen in aniline at a 
fluidity of 200 is 3*4. but it remains an open question whether it 
has the same value in nitriles and nitro-compounds. Mixtures 01 
aniline and dim ethyl aniline follow the additive fluidity rule f^irh 
closely, J . E . S. 



ORGAOTO CHEMISTRY. 


i. 303 


Trisulphanilic [Anilme-2 : 4 : 6-trisulphonic] Acid. S. C. J. 

Olivier {Uec. trm, chim., 1920, 39, 194 — 199). — ^When aniline- 
J^BulplIC>nic acid (100 grams) is teated witli 600 c.c. of a mixture 
of one part of phosphoric oxide and three parts of sulphuric acid 
at 180° for eight hours, amline-'^ : 4^ : ^-tnsulphonic acid- is .obtained 
j^nd isolated as its barium salt, fC6H2(NH2)(SOfj)3]2Baa+ lOHjO. 
•fbe free a«id crystallises with 4H2O, is very hygroscopic, and gives 
a sodium salt, NH2'CgH2{S03Na)3,2H20 ; a potassium salt, 
>iHo*C6H2(S03K)3,H20, and a potassium hydrogen salt, 

_ NH2-CeH2(S03K)2'S03H. ‘ 

When the acid is diazotised in acid solution with potassium 
nitrite, or when its potassium salt is diazotised by a current of 
nitrogen trioxide, it gives a stable di azo-salt, potassium dimo- 

lienzenetristUpkonate, (S05K)2CfiH2'^ , which is only slowly 

decomposed in Gattermann’s reaction, giving l-chlorohemene- 
^yA:^-trisulphomc acidy yielding an acid chloride, CfiHgC^SOgCl).^, 
m, p. 171 — 171’5°, which, when heated in a sealed tube with phos- 
phorus pentachloride at 200 — 210° for three hours, yields 1 :2 :4 : 6- 
tetrachlorobenzene. 

If anilinetrisulphonic acid itself is diazotised in alcoholic solu- 
tion with nitrogen trioxide, it yields, after distilling off the alcohol 
under reduced pressure, diazohenzenetrisulphonic acidy 

which, when boiled with alcohol, gives benzene-1 :3 ;5-trisulphonic 
aoid. W. G. 


Preparation of Condensation Products from Form- 
aldehyde and Primary Aromatic Amines. Alexander M. 
^ASTUKov and Peter M. Croneberg (B.R.-P. 308839; from Chem. 
Untr., 1918, ii, 999 — ■1000). — Primary aromatic amines are treated 
with formaldehyde, preferably in slight excess, in the presence of 
boiling dilute mineral acids, such as hydrochloric or sulphuric 
acid; the theoretical yields of amino-bases, free from oxygen and 
resin and of constant m, p., are thus obtained, which develop on 
the fibre azo-dyes of red, Bordeaux-red, khaki-brown, or yellow 
shades. The colours obtained are fast to alkalis, acids, and 
washing. The amin-o-hase from o-toluidine, formaldehyde, and 
sulphuric acid is an amorphous, pale yellow precipitate, m. p. 
110—111°. Formaldehyde yields with aniline an amorphous, 
hrownish-yellow hose, m. p. 114 — 115°, with technical xylidine a 
m. p. 58'5 — 59-5° with o-anisidine an amorphous, pale 
yellow c(ympou,ndy m. p. 133 — 134°, and with w-toluidine a hose, 
m. p. 169—170°. H. W. 

Molecular Organic Compounds. HI. M. Giua and 
P. Cherchi {Gazzetta, 1919, 49, ii, 264—285. Compare A., 1917, 
h 386), — Investigations have been made on the binary systems 
fwraed by diphenyl amine with o-nitrophenol, ^trinitrophenol, azo- 
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benzene, alcohol, 2 : 4 -dichloroaniline, z-trichlorophenol, and 

S? ”> ‘b* •” *"W 

and aliphatic » “g^Vn^hin^nd Grebenschtechikov, A., 

7oT, Obi TiZ; T. m3, 103, 2171; Gina, A., 1915, i, 659; 
1916’ i’' 205 ;’Gonibero and Schoepfle, A 1917, i, 551), the addition 
of a Zall proportion of o-nitrophenol sufficing to impart an interne 

re^ coloration to diplienylamine. . 

The results obtained with the system diphenylamin^s-tnnitro. 
phenol indicate the formation of a compound which contains the 
Lmponents in the molecular ratio 1 : 1, and d.^oda es on 
meltine The intense red coloration persists even after sol difi- 
cation of the mixtures, but gradiiallv changes to a greemsh-yellow, 
which is still evident after the solid maas has remain^ for some 
davs at about 25° (compare Walk^er, T., 

The svstem Hinhenylaminf-azohenzene exhibits only one eutectic 
point The addition of azobenzene in small proportion to diphenvl- 
amine re^^iilts in an intense dark red coloration, hut the formation 
of an additive compound is excluded. The auxochrome grono. 
•N'N* of the azohen zene functions, as regards colour, quite 


similarly to the nitro-?roup. _ , . . , i , 11 . 

Cetyl alcohol, 'I ; 4-dichloroani1ine, and .c-tnchloropnenol snow no 
peculiarities in their behaviour towards diphenylamine, the solidifi- 
cation curves possessing one eutectic point in each case. In the 
cetyl alcohol svstem. the solidifying point of diphenylamine is 
lowered from to about 38^ by addition of 68-99% of the 

alcohol; mixtures of the two compoiind'i in the hot form pale 
yellow solutions. For the svstem d iphenvl amine-2 : 4-dichloro- 
aniline, the eutectic corresponds with the concentration 44% of the 
aniline’, and melts at about 44''; fused mixtures of the two 
components are colourless. 

Benzophenone and diphenylamine combine in the molecular pro 
portions 1:1 to form a pale vellow additive compound, m. p. 
30-85'', which must be classed with the molecular compounds con- 
taining auxochromes (compare Kanffmann. “Die Valenzlehre. 
Stuttgart,, 1911. 509). The eutectic between tbe additive compound 
and diphenylamine has m, p. about 28-7®, and that between the 
compound and benzophenone m. p. about 24®. T. H. P. 


Derivatives of Quadrivalent Nitrogen. Heinrtch Wibland 
and Karl Roth {Bn., 1920. 53, [R], 210— 230).— Tbe behaviour 
of diphenyl nitric oxide (Wieland and OfiPenbacher, A., 1914, i, 955) 
towards other radicles, such as nitric oxide, nitrogen peroxide, tri- 
phenylmethyl, and a derivative of diphenylnitrogen, has been 
investigated, and the unstable di-p-tolvlnitrio oxide has been pTC- 
pared and examined in a similar direction. 
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piphenylhydroxylamine is prepared by a slight modification of 
the method of Wielaud and Roseeu (A., 1912, i, 253), and is trans- 
formed into dipheny Ini trie oxide, m. p. 64° (compare Wieland and 
Offenba^er, loc, cit.), which, when quite pure, can be preserved in 
ethereal solution during twenty-four hours without undergoing 
alteration. When its ethereal solution is treated with nitric oxide 
at 0°, a mixture of p-nitrodipheuylnitrosoamine and dipheny 1- 
nitrosoamine is formed. Apparently the first stage of the reaction 
consists in the addition of nitric oxide to yield the compound 
OiNPha’NiO (which is analogous to NgOg) ; this probably is con- 
verted successively into the isomeric dipheny Initr cam ine and p-nitro- 
diphenylamine, PhgN-NOg — >> NOg'CgH^-NHPh; the secondary 
amine is then converted into its nitroso- derivative according to the 
schemo : 

NO^'CeH^'NHPh + O-.NPhg-NiO 

N02-C6H4-NPh-N0 + PhgN-OH. 

Xhe diphenyl amine, which is isolated aa its nitroso-derivative, is 
formed by the auto-decomposition of dip henylhydroxyl amine. That 
a compound analogous in its action to nitrogen trioxide is actually 
formed is shown by the fact that if the experiment is repeated in 
the presence of diphenylamine or di-p-tolyl amine, the nitroso 
derivatives of these substances are formed in large quantity. 

Piphenylnitrio oxide reacts with triphenylmethyl to yield the 

compcyiind, Ph^N'O'CPh^"^ ^CPhg, m. p. 160°, the constitution 

of which is deduced from its catalytic hydrogenation to diphenyl- 
amine and the carbiuol of Ullmann and Borsum's '^hexaphenyl- 
eihane/' which Tschitschibabin (A., 1905, i, 125) has shown to be 
p-benzhydryltetraphenylm ethane. The course of the reaction is 
remarkable, since the simple additive product first formed appears 
to be so strongly unsaturated that it combines with a second mole- 
cule of triphenylmethyl ; the hydrogen which is thus liberated reacts 
with a second molecule of dipheny Initrio oxide, so that the mole- 
cular ratio 1 : 1 is preserved, as is experimentally demonstrated to 
be the case. 

Dirp4olylnitnc oxide, red needles, m. p. 59 — 60°, is prepared by 
oxidising di-;7-tolylhydroxylamine (Wieland and Roseeu, A., 1915, 
i, 797) with dry silver oxide; even when placed in a vacuum and 
removed from light, the substance cannot be preserved for more 
than three hours; after a few hours it yields a dark, semi-crystal- 
line mass, from which di-^tolylamine can be extracted. With 
nitric oxide it yields a pale yellow, crystalline, somewhat unstable 
impound, C14H14O2N3, m. p. 93°, which is not identical with 
o-nitroditolylamine; the substance 
could not be reduced to ditolyl- 
\ p-N'CgH'^'CHg^ hydrazine or ditolylamine and 
NOj/ / ammonia, so that it is nob ditolyl- 

nitroamine. It is provisionally 
assumed to have the annexed formula. 
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Di-p-tolylliydraiiiie is converted by nitrogen peroxide into 
2 : 2'-dinitrodi-p-tolylainine, cinnabax-red needlee, m. p. 192 — 1930 
(decomp.). 

Di-'p-nitropkeni/lriitric oxide, {N02’C6H4)2N.0, dark red 
crystals, is prepared by the action of nitrogen peroxide on diphenyl- 
nitric oxide, or, more conveniently, on diphenylhydroxytamine. It 
has m. p. 109° (decomp, ) and is remarkably stable, since it can be 
preserved without change during three months. formation 

probably occurs according to the scheme: Ph^NIO + NOg-^ 
OiNPhg-NOg — > NOa-CgH^’NPh-OH N02*CeH:4*NPh:0 
(N0/Cr.H4)*NPh0-N02-^ 

(NO^-C^HJ^N-OH (N02-CeH4)2N;o. 
It is reduced by stannous chloride and hydrochloric acid to 
4 : 4^-diaminodiphenylamine, and by phenylhydrazine to di~p-Mtro~ 
phenylhydroxylamine, orange-yellow needles, m, p. 90° (deoomp.); 
the latter is markedly acidic in character and yields two series of 
salts, giving, for example, with an ethereal solution of phenyl- 
hydrazine a pale orange compound, m. p. 126° (decomp.), witk 
aqueous ammonia or with alkalis intensely deep blue solutions. 
The use of phenylhydrazine as a reducing agent in this connexion 
is of particular interest, since other agents transform the oxide 
directly into the secondary amine. Di-y^nitropheny Ini trie oxide 
reacts with nitric oxide to yield a substance which has all the 
properties expected of di-Tp-nitrophenylnitroamine it is, however, 
decomposed by crystallisation from ethyl acetate, yielding 4 : 4'-di- 
nitrodiphenyl amine, m. p. 213 — 215°; it combines with triphenyl- 
methyl to yield l^li^-di-p-nitrophenyl-Odriphenyhriethylhydroxyl- 
amine, ( 02 N-C 6 H 4 ) 2 N' 0 *CPh 3 , pale yellow, rhombic platelets, m, p. 
180° (decomp.), which is reduced by hydrogen in the presence of 
palladium-black to 4 : 4^-diajninodiphenylamine and triphenyl- 
carbinol. 

Diphenyl nitric oxide is remarkably stable towards water and 
alkalis, but is rapidly converted by 2i\^-hydrochloric acid into 

diphenylamine and quinoneanil oxide, 0-^ shining 

prisms with a pale brown surface coloration, m. p. 142° (the latter 
is reduced by zinc dust in glacial acetic acid solution to p-hydroxy- 
dipherylamine, which is converted by dry silver oxide into quinone- 
anil, m. p. 98°). For some unexplained reason, ethereal solutions 
of diphenylriitric oxide occa.sionaUy undergo the same change 


The stability of the diary Ini trie oxide diminishes from the dinitro- 
phenyl through the phenyl to the di-p-tolyl derivative; the stability 
of the di-p-anisyl compound described by Meyer and Gottlieh 
Billroth (this vol., i, 38) is therefore remarkable. H. W. 


The Transformation of Dinitrophenolsulphonic Acids 
into Picric Acid. M. Marqukyhol, P. Carre, and P. Lokiette 
{BvU. fe. chim,, 1920, [iv], 27, 140— 143).— The transformation 
of 2 1 6-dmitrophenol-p-sulphonic acid into picric acid m more rapid 
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that of the 2 : 4-dinitroplieiiol-osulphonio add. It is thus 
preferable, in the manufacture of picric add, to use a sulphonated 
pjjgnol mixture containing the maximum amount of phenol- 2 : 4-di- 
j^alphonio add. W. G. 

The Preparation of Picric Acid by the Process with Nitric 
Add using Nitric Acids of Different Concentrations. M. 

jIabqueybol, P. Caere, and P. Loeiette (Bull. Soc. cAm., 1920, 
fiv], 27, 143 — 148). — By arranging completely to utilise the nitric 
acid used, it is possible to obtain good yields of picric acid by 
salphonating 100 grams of phenol with 350 grams of 92‘5% 
sulphuric acid, heating the mixture on a water bath for three 
hours, and then nitrating the mixture with five molecular propor- 
tions of nitric add (D 1’273). Under laboratory conditions, it does 
not seem possible to use less than these proportions of sulphuric and 
nitric acids. W. G. 

Equilibrium Diagrams of Binary Mixtures of Picric Acid, 
Trinitrotoluene, Dinitrotoluene, and Mononitrouaphthalene, 

A. WoGRiNZ and P. Vari (Z. yes. Bchiess. u. S’prengstoffw., 1919, 

14, 249—251, 267— 270j from Chtm. Zentr., 1920, i, 115).— The 
cooling curves have been deduced from experiments performed in a 
special type of apparatus, which is fully described, and is 
designed to secure closely similar external conditions. The curves 
are given for the systems ; picric acid-dinitrotoluene, tri- and di- 
iiitrotoluenes, tri nitrotoluene-nitro naphthalene. H. W. 

Modern Shattering Nitro-explosives. C. F. va\ Duin and 

B. C. Roetfrs van Lennep {Bee. trav. chim., 1920, 39, 145—177). 
—The authors have examined nineteen nitrocompounds of different 
types, capable of being used as explosives, to determine their 
stability, temperature of explosion, and sensitiveness to mechanical 
stock, and thus to determine the influence of constitution on these 
properties. 

for the stability test, the Dutch method has been used, which 
consists in heating 10 grams of the substance in a special flask at 
95'^ first for three hours, and if no decomposition occurs, for eight 
hours per day up to a period of thirty days. Under these condi- 
tions, trinitrophenylmethylnitro amine, trinitroaminophenoi, tri- 
nitroaminoanisole, trinitroaminophenetole, trinitro-m-phenylene- 
diamine, trinitromethylnitroaminophenol, aminotrinitrophenyl- 
methylnitroamine, hexanitrodiphenyl sulphide and sulphone, and 
dipicrylamine stood the test, Tetranitroaniline showed marked 
decompcaition after twenty-six hours at 60°, whilst tetranitro- 
phenylmethylnitroamine was even less stable, the substance con- 
taining the most active nitro-group being thus the least stable. 
Tetrauitrophenol showed signs of decomposition after four hours 

70°. In general, the 2:3:4; G-tetranitro-derivatives decompose 
rapidly either at high temperatures or at the ordinary temperature, 
this being probably due to the splitting off of the nitro-group in 
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position 3. Stettbacher’s view (compare Z. gei. “• 

stoffw 1916 11 , 114 ) that the nitrous acid evolv^ in ae decoin. 
potion ^tetriiitroaniline comes from an action between th. 
Lino- and the o-nitro-groups is b 

stances with mobile nitro-groups is due to these mobile groups, and 
a methylnitroamino-group also exerts an unfavourable inauence 

Oil the stability of a compound. _ ^ j • 1 1 

In determining the temperature of explosion, it is advisable to 
detennine the figure by two methods, one in which the tempera 
ture is raised above 100° by 20° a minute, and the second in whici 
it is only raised 5° a minute, in order to get a corrwt idea of the 
behaviour of the explosives. There is aparently no defimte 
relationship between the explosion temperature and the stability 
of a compound. In the case of substances which decompose at 
their melting point, the decomposition and explosion temperatura 

are generally almost equal. . .1 . 4 . v 1 

For testing such nitro- explosives for their sensitiveness to shock, 
the authors find Kast’s method (compare Z. ges, Schiess u Sfrtnf 
stoffw 1909 4 263) quite satisfactory. Ihe introduction of a 
meihylnitroamino-group or of a fourth nitro-group notably in- 
creases the sensitiveness to shock, whilst an ammo-group lowers it. 
The etherification of a phenol diminish^ its sensitivene^/ Apart 
from the nature of an entrant group, its mobility, in the case of 
highly nitrated substances, exerts a marked influence, mobility 
increasing sensitiveness. The replacement of a fixed nitro-group by 
a mobile group produces a remarkable influence on the sensitive- 
ness, as is ' shown by a comparison of dipicrylamine with 
2 ; 4 : 6 : 2' : 3^ : 4^-hexauitrodiphenylamine. W. G. 


Esters of iV-Afylsulphonyl-A^-alkylaminoaryl Esters. E. 
Reber and J. Siegwart (U.S. Pat. 1316804), if -Toluene- 
sulphonyl- j7-aminophenyl toluenesulphonate (A), 

Ccn4M6*S02-0'C,,H4*NH;S02’C6HiMe, 

is dissolved in aqueous sodium hydroxide, and, on cooling the hot 
solution, the sodio- derivative crystallises. This is converted almost 
quantitatively into the l^-TrietJiyl derivative of A, needles, m. p. 
162®, by heating for several hours at 100 — 120® with methyl 
chloiide and methyl alcohol. Other alkylating agents may he 
used, such as ethyl haloids (m. p. 117°), allyl bromide (m. p, 113°), 
ethylene dibromide, or benzyl bromide (m, p. 142°), with alcohol 
or water as diluent {the m. p. of the derivative of / produced is 
given in brackets). Corresponding derivatives of 0 - or w-amino- 
phenol, or of the aminonaphthols and their substitution products, 
which are substituted in the. amino-group by an aryl sulphonyl 
radicle and in the hydroxyl group by an acyl radicle, can also be 
easily alkylated. Chemical Abstracts. 

Catechol. Benno Elsner {MonaUh^ 1919, 40, 361 — 362).-^At 
dilutions not greater than 1%, with excess of cold barium hydr- 
oxide solution, catechol gives a precipitate of a very sparingly 
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olubie honrium salt, CgH402Ba,3^H20, in the form of silver-grey 
with a pearly lustre. Since resorcinol and quinol do not 
jye such a precipitate, the reaction is suggested as a means of 
gparation, which is probably superior to that which depends on 
lie use of benzene. J. K.. 

Constitution of Cholesterol. A. Windaus {Nachr. K. Ges, 
tws. Gottingen^ 1919, 237—254; from Chem. Zentr., 1920, i, 82). 
^The author gives a general account of the investigations which 
iu part? served to elucidate the constitution of cholesterol. 
Q comparison with the formulse of the original communications, 
ie present formulae are increased by the addition of two atoms of 
lydrogon, since this alteration has been shown to be necessary for 
■he acid, C26H44O8, obtained by the oxidation of cholestenohe by 
lotassium permanganate (compare A., 1917, i, 265). If the pres- 
jQce of an octyl radicle (Windaus and Kesau, A., 1913, i, 615) be 
•egarded as established, the constitution of cholesterol may be 
impressed by formula I : 
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Two saturated ring systems must be present in the residue which 
contains ten carbon atoms, and these probably have certain carbon 
atoms in common with the rings of formula 1. Although complete 
evidence with regard to certain details is lacking, it is possible to 
put forward a constitutional formula which gives an approxi- 
mately accurate picture of the arrangement of the carbon atoms. 
A possible constitution is shown by formula II. H. W. 

Solubility of Microbic Acid fp-Chlorobenzoic Acid]. 

R. Otto (Konserven Zeit, 1917, 18, No. 1; Landw, Jahrb., 52; 

1, 85—86; from Chem. Zentr., 1919, iii, 1052—1053). 
solubility of p-chlorobenzoio acid is given by Seeger as 
1:2500 and by BeilsUin as 1:5288; the author finds the acid to 
be much more sparingly soluble than these figures would indicate, 
and that 25,000 parts of water do not completely dissolve 1 part 
nf it. Failure to detect the presence of p-chlorobenzoic acid in 
alcohol-free fruit juices which have been treated with microbin is 
Iberefore readily explicable. H. W. 

7ol. cxvm. i. m 
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Catalvtic Preparation of Amides. A. Mailhe and (Msjj 
Bellegarde {Caltchauc et Guttapercha 1919 16, 9947-9948^ 
from Chem. Mr., 1919, iii, 952 ).-Although aromatio ambs 
react readily with aliphatic and aromatic acids to yield auhstituted 
amines the esters, such as methyl benzoate, (^n be boiled witi 
aniline' for a protracted period without forming an appreciable 
amount of the amide. It is now shown that substituted aiaiDes 
may be readily produced when an equimolecular mixture of ester 
and amine is allowed to react in the presence of aluminium oxide 
or thorium oxide at 480-490^. Amides, bub not nitriles, are 
obtained when a mixture of ammonia and the vapour of an acid 
anhydride is passed over the, same catalysts at 450°, and a similar 
chan<^e is observed when an ester is used in place of the anhydride. 
At a* higher temperature, larger amounts of nitriles are produced 
in certain circumstances. The following examples are cited. 
Benzanilide is prepared from aniline and methyl or ethyl benzoate, 
the yield being 40—50% of the quantity of ester used; the three 
isomeric benzotoluidides from benzoic ester and the requisite toh- 
idine ; htnzocyclolicxylarni-ilc, CgH^*NH‘COPh, m. p.^ 153 , from 
methyl benzoate, and cyc/ohexylamine; phenylpropionaniiide; cumin- 
anilide; acetanilide and its homologues from aniline and the corre- 
sponding aliphatic esters. The following compounds are obtained 
by the use of gaseous ammonia, Propionamide and isavaleramide 
from the corresponding anhydrides; salicylamide from methyl 
salicylate (in this instance the formation of nitrile is not observed 
if the catalyst is heated to 500°), H. AV. 


Preparation of New Mono- and Di-^-hydroxyethylamino 
benzoic Esters. Society: Chimique des Us inks du Rhone (Brit. 
Pat. 128552). — Mono- and di-j3-hydroxyethylaminobenzoic esters 
are obtained by heating to temperatures varying from 50° to 110*^ 
a mixture of ethylene oxide and an aminobenzoic ester in molecular 
proportion of one or two of ethylene oxide respectively to one of 
ester. The reaction can be accelerated by the addition of small 
quantities of water or ethyl alcohol. Thus ethyl ^-hydroxyeihyh'^ 
aminobenzoate, 0 H’CIl 2 *CIl 2 'NH*CgH^'C 02 Et, a colourless, crystal- 
line substance, melting at 63° and boiling at 213 — 214°/4 mm., is 
proauced by heating for several hours in a closed vessel at 50° 
equimolecular proportions of ethylene oxide and ethyl p- amino- 
benzoate, whilst if under similar conditions 2 mols. of ethylene 
oxide are used, together with ^ mol. of water and 1 mol. of ethyl 
alcohol, ethyl di-^-hydroxyethyl~'Tp-(wiinobenzoate, 
(0H*CH2*CH2)2N*C6H4-CO2Et, 

is obtained. After crystallisation from benzene it forms white 
lamellse, m. p. 94° and b. p. 246°/4 mm. G. P- 


2 : 3-Dimethoxyphenylpropiolic Acid cind 4 : S-Dimethoxy- 
hydrindone. S. Ruhemann {Ber,, 1920, 53, [B], 274—284).- 
Ethyl 2:3-dimethoxycinnamat6 (compare Perkin and Robinson, 
T., 1914, 105, 2387; Kranichfeldt, A., 1914, i, 190), colourless 
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OPh 


prisms, m. P- 45 — 46°, b. p. 184 — 185°/ 15 mm., is prepared by the 
action of ethyl acetate and sodium on 2 : 3-dimethoxybenzaldehyde; 
it readily absorbs bromine to yield the corresponding dibromo- 
fster, but, at the same time, a certain amount of hydrogen bromide 
ij invariably eliminated. The crude ester, which could not be 
mirilied, is converted by alcoholic potassium hydroxide solution into 
-I • 3 - dirntthoxyphcnylfropwlic acid-^ CgH3(0Me)2‘C:C‘C02H , 
i’olourless prisms, in. p. 108 — 109°. In a similar manner to 

pmethoxy-l-naphthylpropiolic acid (this vol., i, 326), the latter 
transformed by alcohol and hydrogen chloride into ethyl 
^.}il(ir(y'%\?>-diTnetlwxydn}m^ colourless oil, b, p. 190 — 191°/ 
12 mm., which, when treated with sodium pheiioxide, gives ethyl 
^y}Unoxy-l'.Z-dimeth()'a'ych]iuim(ite, pale yellow, viscous oil, b. p. 

042 244°/ 12 mm. Hydrolysis of the latter yields the two stereo- 

\y; 0 i<cx\c ^-phtnoxy-‘li‘^-dimethoxyc.innaviiv, acids, coarse, colourless 
crystals, m. p. 192 — 193° (decomp.), and silky needles, in. p. 
13/'-138°, respectively, which can be comparatively readily sepa- 
rated by fractional crystallisation from alcohol. Instead of the 
expected flavone, either isomeride, when 
acted on by phosphorus pentachloride and 
aluminium chloride successively, yields 
3 - phe.noxyA : b-diviethoiyindane (annexed 
formula), colourless, shining leaflets, m. p. 
199 — 200°, the constitution of which is 
deduced from its conversion by hydriodic 
a.cid into phenol and 4 : u-ddiydroxyindafte-} : ‘S-dwne, colourless 
leedles, m. p. 277—278° (decomp.), the white, unstable silver salt 
if which is also described. 

4:5-Dimethoxy-l-hydrindone, yellow leaflets, m. p. 77 — 78° 
Perkin and Robinson, T., 1914, 105, 2388, give 82°), is conveni- 
mtly prepared from 2 : 3-dim ethoxy -jB-phenylpropionic acid by the 
iuccessive action of phosphoms pentachloride and aluminium 
iloride. Attempts to convert it into an azomethine by the action 
}f rod imethyl aniline and potassium hydroxide were unsuccess- 

!ul, the alkali aflecting almost exclusively the nitroso-base and 
hnning pp^ - tetramethyldiaininoazoxyhenzene, yellowish-brown 
leedles, m. p. 239 — 240°. A\5-Dimethoxy-2-hydroxymethylene-l- 
hijilrindone, almost colourless needles, ra. p. 135 — 136°, after soften- 
ng at 130°, is prepared by the action of sodium and ethyl formate 
in the hydrindone; the copper salt, greenish-yellow powder, and 
the amlide, CiiHi(303XH*NHPh, yellow prisms, m, p. 168°, are 

described. When the 

OMe OMe 

V”' ^2? 

C=CH-HC' 

CO 


CO 


''.OMe 


hydroxymethylene com- 
pound is heated at 160° it 
loses formic acid and yields 
a compound (annexed 
formula), red prisms, m. p. 
222 °. 

Ethyl oxalate condenses with 4:5-dimethoxy-l-hydrindone in the 
presence of sodium ethoxide, yielding ethyl i:b-dimetlioxt/-\- 

m 2 


CO 
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MeO CH, 


V' 


-C-CO.Et 


hijdrimkyfhefjhjoxiilaiey yellow needles, m. p. 132 — 133°, from wjjjcji 
the corresponding acid, , 
needles, m. p. 232° is obtained in’ 
the usual manner. The ester reacU 
readily with phenylhydrazine hydro, 
chloride in the presence of a fe^ 
drops of concentrated hydrochloric 
acid, giving ethyl 1 :^-dimthi^. 
l-]}henylvnden(ihV : 3^ : 4 : 

(izolC'Z-carhoxyiate (annexed formula), colourless, silky needles 
m, p. 172 — 173°; the corresponding add forma slender needb 
m. p. 240—241° (decomp.). 




Ethyl Diphenyleneacetate. S, Ruhemann (fier.,'1920, 53 
287 — 289). — The sodio-derivative of ethyl fluorene-9-dicarboxyiate 
(Wislicenus and Mocker, A., 1913, i, 1187) reacts with ethyl phenyl 
propiolate to yield carbon dioxide and ethyl ^^iphenylenemetb/l 

cinnamatey yellow crystals, m. p 

98—99° ; the corresponding acid crptallises in yellow leaflets, m. p 
219—220° and is reduced by sodium amalgam to ^-diphemjknc- 
methyl-^-pkenyljrropionic acid, colourless prisms, m. p. 184— 

E. W. 


Regularitiea Observed in the Pyrogenic Degradation of 
certain Cyclic Hydroxy-acids ot the Benzene Series . Hermann 
Kunz-Kkause and Paul Manicke {Ber., 1920, 53, [.S], 190—201), 
—When salicylic acid is rapidly heated to a temperature not exceed- 
ing 250°, it loses carbon dioxide and water, but only 46’39% of it is 
converted into phenyl salicylate; at temperatures between 250° and 
350°, carbon dioxide is evolved in regularly increasing amount, and, 
above 280°, the lormatiou of phenol in small quantity can be 
detected. When rapidly distilled, the acid (contrary to the gener- 
ally accepted views) does not undergo an even partial, smooth con- 
version into carbon dioxide and phenol; the product only con- 
tains very small quantities of the latter in addition to salol 
and other ^ substances. Similar experiments with protocatechnie 
acid (3 :4 dihydroxyben 2 oic acid) show that a smooth decomposition 
into catechol and carbon dioxide does not occur between 200° and 
300°. Rapid distillation of protocatechnie acid yields carbon 
dioxide, catechol, and tetrahydroxyanthraquinone (rufiopine)- 
Gallic acid, on the other hand, is quantitatively converted at 
240 -245° into carbon dioxide and pyrogallol or Pelouzes melan- 
gallic acid; when rapidly distilled it yields 1 :2 :3:5 :6;7-hexs- 
hydroxyanthraquinone. The formation of derivatives of anthracene 
from benzene compounds by a purely pyrogenic action is of 
interest in that it affords a possible explanation of the occurrence 
of compounds of the two series in coal tar. H. W. 


Naphthyl-lactic and Naphthylciimamic Acids, 

Remode Fazi (GazMia, 
1919, 49, u, 250—253. Compare A., 1919, i, 529 ).— j3-H/icnyl-j3'2- 
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^phthyl-^ciic acid , CjqH 7 *CP 1 i( 0 H)*CH 2 *C 02 H, obtained as ethyl 
■^ter by decomposing hy means of acidified water the complex 
jijrmed by the interaction of phenyl 0-naphthyl ketone and ethyl 
Ijj-omo acetate in benzene solution in presence of zinc dust, forms 
jl^ider, white needles, m. p. 225 — 226°, and with concentrated suU 
jjliuric acid gives an emeraJd-green coloration, which immediately 
changes to yellowish-brown with intense green fluorescence. The 
(ih/l ester forms white laiuinse, m. p. 114 — 115°, and with concen- 
tiated sulphuric acid gives an intensely green solution showing 
marked green fluorescence. T. H. P. 

phthaleiiiB and Fluorans. Maurice Copisarow (T., 1920, 
U7, 209—218). 

Preparation of p - Dimethylaminobenzaldehyde. T. 

h'GVALUSEN and L. Bauman ( J . Biol. Chem ., 1920, 41, 145—146).— 
The authors modify the method of Ullmann and Frey (A., 1904, 
i. 423) by omitting the isolation of the hydrochloride of the benzyl - 
ideue compound prepared by the condensation of p-nitrosodimethyl- 
ijiiline and dim ethyl aminobenzyl alcohol, and decomposing the 
ireebase by formaldehyde and acetic acid at the ordinary tempera- 
ture. The crude aldehyde is purified by distillation in a partial 
.mum. J. C. D. 

The lodhydrin Derived from Cinnamyl Methyl Ether. 

Jim Beaufour {Bull. Soc. cUm., 1920, [iv], 27. 148—152. Com- 
mre A., 1912, i, 621; 1913, i, 466, 467). — The iodohydrin obtained 
)v treating cinnamyl methyl ether with iodine and mercuric oxide 
/or, cit.). when slowly added in ethereal solution to an aqueous 
„okition of silver nitrate (coinnare TifTeueau. A., 1907, i. 922). give- 
mdhltropaldeh/de, OMe*Cn,.*CTTPh-CHO, b. p. 217 — 218°, D’’ 
10711, giving an oxime, h. p. 175°/15 mm., T121, and a semi- 
cadaion-e, m. p. 125°. On oxidation it yields inefhf/lft'ojric arid. 
m. p. 63°, b. p. 177 — 180°/ 15 mm.. £riving an eth^/l ester, b, p. 
139-140°/10 mm. or 250— 25r/765 mm.! T0724. Attempts 
to prepare the corresponding primary alcohol by reduction of this 
ester were not successful, the main product, in every case, being 
atropic arid. W. G. 


Phenylic Transposition in the Tetrahydronaphthalene 
Series. M. Tifpeneau and A. Or^;khofp (Compt. rend., 1920, 170, 
165— 467),— The iodhydrin of a 0- tetrahydronaphthalene glycol 
when treated with silver nitrate in ethereal solutior.. 
indergoes phenylic transposition, giving hydnndene-2'-aJdeIj yd • 



CH-CHO 

bHg 


OH„ 

{n.)“ 


CH. 

(h) 
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(formula II), b. p. 135°/30 mm. r095, giving a sermcarhazo,,^ 
m n 167^ an o.nme. m. p. 104°, and a htmlphite compound. 

Neither ’the iodhvdrin of ^jS-tetrahydronaphthaleue glycol nor 
the iodhydrin of hydrindeiie glycol undergoes this transposition 
when similarly treated with silver nitrate. W. G. 

The Beckmann Rearrangement. IX. Action of 
Phosphorus Pentasulphide on Benzophenoneoxime. Kitsiri: 
Kuhaua and KG.o Kashima folj Sci Kyoto Imp 

1019 4 69 — 75. Compare A., 1918, i, 179). Dodge (A., 1891. 
1238) and Ciusa (A., 1906, i. 953) have observed that thiobenz- 
anilide is formed when henzopheiioneoxime is warmed with phos- 
nhonis pentasulphide. and have ascribed this change to the Beck- 
In ann rearramrement of thiobcnzopbenoneoxime, formed according 
to the equation 5CPh:;.N*OH + PoS 5 = 5CPh2.N*SH + P 2 O.. In 
analot^y with Kuhara^s previous studies of this transforinatioii. it 
is now ^ found that the rearrangement is due to the formation of an 
ester of Ibe thio- oxime, for when the reaction is carried out ir 
ethereal suspension, thiohaizophenoneoxime hydrogen phosphnft 
OH*PO(SN!CPh,,)o. is obtained as a fibrous, greenish-yellow mas?, 
which chan^^es into thiobenzanilide with almost expletive violence 
at 70°. A more stable derivative is obtained by treating this ester 
with cold, alcoholic potassium hvdroxide, the product being thia^ 
henzophenoneoxime dipofn-si>iitw hydrogen orthophosphate, 

OH-PO(OK)2(SN:CPh..)o, 

a white crystalline powder which changes into thiobenzanilide at 
149°. ’ ‘T. C.W. 


Zinc Chloride as a Condensing Agent. V. Condensation 
Products ol Aniline and Hydroaromatic Ketones. G 

Reddetjen and 0. Mevn (Ber., 1920, 53, [7?1. 345 — 354. Compare 
A.. 1914. i, 698. and followiiior abstract). — It has been shown previ- 
ously that aniline zinei chloride powerfully catalyses the condensa- 
tion of ketones with amines, and is the only useful ao;ent in the 
oases of enolisable ketones contaiiiinw the group ’CO'CHo’ and a: 
unsatnrated ketonas of the type >C!C!CO. It is now found to he 
applicable to hydroaromatic ketones. 

cyeloJIrrnnoneard, pale vellow' oil. h. p. 140°/ 19 mm., is oh- 
tained by heating cyc/ohexanone, aniline, and aniline zincichloride 
at 155° during twenty minutes ; with other condensing ageid?- 
such as aniline hydrochloride, extensive auto-condensation and con- 
siderable resinlfication take place, and non-uniform products of 
very high boiling point are formed. cyc/oHexanoueanil is a reac- 
tive substance which undergoes auto-condensation, yielding the •ndj- 
sfanrr. C|,H.>.^N. b. p, 212 — 214°/18 mm., which h 

/\ / \ regarded as cyclohexyB:dene- 2 -cyc]oheranor^eoiy^ 

1 [ \_ / (annexed formula), since, when treated with dilute 

\/ NPh acids, it gives aniline and c?/cfohexvlidene- 2 'r'/^^o- 
hexanone (compare Wallach, A., 1907, i. 220; Mail* 
uich, A,, 1907, i. 205), The condensed anil is the main product 01 
the action of aniline on cyc/ohexaiione in the presence of aiiiliu? 
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ziijcichloride at 180° for three-quarters of an hour, and can also he 
prepared by heating cyr^ohexanoneanil with aniline hydrochloride 
for a minutes at 200°. At a higher temper a turo it also under- 
cfoes auto-condensation, and yields aniline and an anU, possibly 
Cj^Hofi^NPh, dark yellow oil, b. p. 240 — 250°/ 14 mm. 

Similarly, menthone yields menihoneanU, yellow oil, b. p. 
159 — 160°/ 12 mm.; mentkane'}>tohfil^ yellow oil, b. p. 178°/ 
Igmin. ; and nienthane-i^-a.nuU, colourless crystals, m. p. 61-5°, 
f,. p. 195°/ 16 mm. These substances cannot be preserved for any 
length of time in contact with air, since they become oxidised and 
darken in colour. Condensing agents other than aniline zinci- 
chloride yield dark brown, resinous oils. 

Among unsaturated hydroaromatic ketones, pnlegone yields a 
nQrinal>T«i7, yellow oil, b. .p. 148— 152°/12 mm., and. in addition, 
'(.amUn(menthone, b. p. 154- -158°/ 13 mm., and l-anilin&men- 
^jioneani], b. p. 153 — 156°/ 18 mm. ; the latter substances are prob- 
ably formed by simple addition of aniline to pulegone and pulegone- 
ami respectively by a procevss which is not infrequently associated 
with the action of amines on substances having conjugated double 
bonds. Dihydrocarvone, on the other hand, yields the amJ, yellow 
oil. b. p. 170 -171°, very smoothly and without noticeable forma- 
tion of by-products. Carvon^eanil, pale yellow oil, b. p. 180 — 182°/ 
IT mm., is remarkably readily prepared, reaction occurring to some 
extent between the components at 160° in the absence of catalyst, 
Camphor, on the other hand, did not react with aniline itself, and 
otilv to a small extent in the presence of aniline zinci chloride; 
m.nif)hornniI, vellow oil, b. p. 164‘5 — 166°/ 15 mm., m. p. 13-5°, 
ooiild be obtained in 64% yield by the use of aniline hydrochloride 
S'; condensing agent. 

Solution of the anils of the unsaturated hydroaromatic ketones 
111 concentrated sulphuric acid gives an intense blue coloration with 
nitric acid. The reaction is as sensitive as the brucine test. It is 
shown by caiwoneanil, pulegoneanil, and dihydrocarvoneanil (in 
order of decreasing sensitiveness'i. but not by rycfohexanoneanil. 
meuthoneanil or camphoranil. The action thus appears to depend 
on the presence of the group >C:C‘ClNPh. The presence of the 
^nil group is shown to be essential, since the coloration is not given 
bv carvonephenvlhydrazone. Nitritei, chlorate, chromate, and 
hydrogen peroxide also^ yield the colour, which therefore depends 
tm oxidation. 

Condensation Products from Benzylamine and Aromatic 
Ketones. G. Rkddelien (Acn, 1920,53, [Rl, 334 — 340).— It has 
been shown previously (A., 1913, i, 1203) that hydrogen haloids are 
r^uently effective catalysts in promoting the action of aromatic 
etones with amines to form ketoneanils; it is now shown that 
bmzopheuonebenzylimide. CPh.dN-CH,rh. m, p. 60—61°, is readily 
^ 'anm . from henzopheiioiie and benzvlamine at 180° in the prei- 
jnoe nf a few drous of hvdrobromic acid solution ; Hantzsch and 
OHi -ostel (A., 1898, i. 195) have previously prepared the same 
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substance from benzopbenone dichloride, since they found that the 
ketone and amine did not react to an appreciable extent with one 
another even at an elevated temperature. Acetophenonebenzyt 
imide, transparent needles, m. p. 44 '5°, can he obtained in 1^. 
proved yield from the ketone and amine hy a slight modification of 
the procedure of Hantzsch and Hornbostel {loc, cit) j when, how- 
ever, the condensation is effected in the presence of ZnCl 2 , 21^113 or 
hydrobromic acid an entirely different substance is obtained, whidi 
is identified as 2 : 4 : 6-triphenylpyridine, and is shown to he identi- 
cal with the product prepared from henzylidenediacetophenone and 
hydroxylamine by Wislicenus and Newmann (A., 1899, i, 61), from 
acetophenone and ammonia in the presence of phosphoric oxide 
(Engler and Heine, this Journ., 1873, 1036; Riehm, A., 1887, 
599V and by the distillation of acetophenone ammonia (Thomas, A.. 
1907, i, 138). The substance behaves as a very feeble base, but. 
when crystallised from concentrated hydrochloric acid, gives a 
hydrochloride, which somewhat rapidly loses hydrogen chloride 
when preserved ; it separates unchanged base from its solution in 
more dilute acid. The formation of triphenyl pyridine from aceto 
phenonehenzylimide is accompanied hy that of benzylamine or 
dibenzylamine and methane. H. W. 

Catalytic Action of Hydrogen Haloids in Condensations. 
II. The Decomposition of Anils. G. Rkddelien (Ber., 1920, 
63, {B\ 355— 358).— It has been shown previously (A., 1913, 
i, 1203) that hydrogen haloids arc effective catalysts in the forma- 
tion of anils from ketones and aniline, and emphasis has been laid 
on the necessity of a vigilant control of the temperature of the 
reaction if the formation of by-products in large amounts is to be 
avoided, further investigation now shows that the anils are 
decomposed when heated with aniline hydrobromide. Thus, 
benzylideneaniline, when distilled with the addition of a small qnan. 
tity of dry aniline hydrohromide, gave aniline, toluene, and 
acridine, in addition t-o much brown, resinous matter. A somewhat 
similar behaviour was observed with fluorenoneanil and benzildianil, 
which evolved aniline at above 200*^; benzophenoneanil, on the 
other hand, appeared to be stable. 

The possibility of uf.il i sing the elimination of aniline for the con- 
densp/ion of anils with reactive hydrocarbons has also been investi- 
gated. Benzophenoneanil and diphenylmethane scarcely reacted 
with one another. Benzophenon^nil and flu ore ne did not react 
I'elow 300°, but, after addition of a small quantity of aniline hydro- 
bromide. aniline was readily evolved at 270°, and a hydrocarbon 
wavS obtained which was identified as hisdiphenylene-ethane instead 
of the expected diphenyl diphenyl one- ethylene, whilst hisdi- 
phenylene ethvlene was also formed in minor quantity. Fluoren- 
oneanil and fluorene yielded a similar mixture of hydrocarbons. 

H. W. 

Indones. III. 3-Phenylindone and Diphenyltruxones. 

Remo de F/izi {Gazzetta, 1919, 49, ii, 253—263. Compare A, 1915, 
i. 1063; 1916. i, 151), — SjS-Diphenyl-lactic arid does not giv^ 
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when treated with phosphoric oxide, hut its 
ester yields with sulphuric acid the emerald-green 
(^loration regarded by the author as characteristic of those 
(jerivatives of lactic and cinnamic acids which are capable of fur- 
ahhing indones. The green solution is found to contain: (1) a 
small proportion of an orange-red compound which, in acetic acid 
solution containing palladium-black, absorbs hydrogen forming 
3.phenylhyd rind one, and must therefore be 3-pbeny Undone ; (2) con- 
siderable proportions of two colourless compounds, €3^112^02, which 
dimerides of 3-pheny Undone, do not combine with chlorine or 
bromine, and give no coloration with sulphuric acid; they 
jire therefore regarded as isomeric diphenyltruxones (compare 
liebermann, A., 1898, i, 662), having the probable constitutions: 





CO 

-CPh-CIl-/\ 


^\/ClI-'CPlr 

CO 


0 - 


‘^-FhenpUndone (annexed formula) forms an orange-red powder, 
m. p. 69 — 71®, and gives an emerald-green colora- 
/\ tion with sulphuric acid. 

I I M The two diphrjii/ltmj:one.s form (1) large, cubical 

\/\/^^ crystals, m. p. 252- -253®, and (2) shining, traais- 
CO parent, white prisms, m. p. 209—211®. Both have 
the normal molecular weights in boiling chloroform. 
In acetic acid or alcoholic solution, isomeride (2) does not absorb 
hydrogen in presence of' palladium-black, but in acetic acid 
isomeride (1) slowly absorbs hydrogen, giving a compound, 
Q11U04O.2, which forms shining, white scales and does not melt at 
275®; in this compound the two carbonyl groups of the diphenyl- 
tnixone are converted into CH(OH) groups. T. H. P. 

Some Derivatives of Fisetol. William Kershaw Slater 
and Henry Stephen (T., 1920, 117, 309 — 319). 

Chlorination of Finene. Ossian Aschan {Ofvers. Finslca Vet 
■^oc., 1915, 67, 14 pp.; from Gfiem. Zoifr., 1918, ii, 952—953).— 
The chlorination of pinene in the absence of moisture at -15® to 0® 
has been investigated; the results differ from any previously 
recorded. Chlorination occurs in a highly complex manner. The 
first fractions of the product give abundant solid deposits of pinene 
hydrochloride. From the higher fractions only a pinene dichloride 
(1 1[) was obtained, which may have been formed from a primary, 

CI‘CH*CCliMe*CH CICH— CMe— CHCl 

Me„c\ I CMe, \ 

'1 \ I I M 

( -"H — nv. PH.rPH — CHj 

IT. 


m 
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„o,.„ally formed, unstable dichloro-additive »mp 9 und (I), i, 
orms transparent, rhombic, bipyram.dal plaW-lrke crystals, m. p 
173-174“ b. p. ca. 130“/10 mm. Iii addition, a liquid di. 

h ra 120—1 25°/ 10 mm., whicli could not be isolated 
L the pu^e'^cotdirio; is a/so produced. Neither dichloride 

’"‘'iwtlirarf/xperimente show that pinene hydri^loride can be 
readily chlorinated in chloroform or carbon tetrach oride sointioj 
until four additional atoms of hydrogen have tonreplacM^^ Colour- 
less, cTTstalline products, m. p. s 135 °, 150— 1j 2 and 130 respec 
lively, have thus been obtained, analys^ of 
intermediate between those required for 

tbft formation of a dichloride was not observed. H. W. 


The Relative Power of Addition of Unsaturated Com 
pounds. OssiAX Aschan {Offers. Finska Vet. Soc., 1916, 58, 
9 pp. ; from Chem. Zen-tr., 1919, ii, 953).— The action of puiene on 
different terpcne hydrochlorides, particularly at elevated tempera- 
ture, regularly occurs in such a manner that hydrogen chloride is 
withdrawn from the latter and ordinary pinene hydrochloride 
(bornyl chloride) is produced ; this is demonstrated in the cases of 
dipentene dihydrochloride, sylvestrene dihydrochloride, camphene 
hydrochloride, and dipentene monohydrochloride. Pinene can even 
remove hydrogen chloride slowly from dry aniline hydrochloride or 
ammonium chloride. Nopinene and the bicyclic terpene, b. p. 
163—165°, recently isolated from Finnish oil of turpentine and 
provisionally term^ y-pinene, behave similarly to ordinary pinene. 
In like manner, hydrogen bromide is removed by pinene from 
camphene hydrobromide or dipentene dihydrobromide. When 
heated with aniline sulphate and acetic acid, pinene gives wobornyl 
acetate. On account of its unsatnrated nature, pinene behaves in 
this respect as a base. Even with complex halogen additive pro- 
ducts, such as dipentene tctrabroinide, pinene effects the removal of 
halogen acid. This behaviour of pinene and analogous substances 
is probably attributable to the relatively great latent heat of these 
terpenes. H, W. 


Preparation of Organic Camphol Esters and of Borneol 
from them in the Presence of Sulphoricinic Acid, which 
Acts as a Solvent for Camphene or Pinene HydrocWoride. 

Andre Dubosc (Caoutchouc: et Guttapercha^ 1918, 15, 9555; from 
Ghem. Zentr., 1920, i, 115).— The difficulty of preparing organic 
camphol esters lies, in part, in the sparing solubility of the sub- 
stances to be esteriiled in the acids used ; it is^ow shown that solu- 
tion can be effected by the addition of sulpho- compounds, particu- 
larly of sulphoricinic acid, and that these do not take further part 
in the action. The separation of ester from sulphoricinic acid and 
from excess of the acid under esterification occurs in the usual 
manner. The corresponding camphor alcohols may be obtained hy 
hydrolysis of the esters. H. W. 
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jlew Hydrocarbons of High Molecular Weight from 

[soprene. Ossian Aschan (Ofvers. Fimka Vet Soc, 1916, 58, 
j 2 pp,; from Chem. Zentr., i918,ii,954— 955).— The additive capa- 
i^ty of caoutchouc shows that one double bond of isoprene dis- 
appears in it« formation, and is utilised in uniting the condensed 
lipreue molecules. The molecules which are thus formed by purely 
reaction are subsequently united to greater complexes, 
orobably by physical and secondary chemical forces (such as resi- 
lual affinities). According to the author, therefore, two processes 
ire operative in the formation of caoutchouc, which differ from one 
inotier not only in respect of rapidity, but also of nature, namely, 
irst. a purely chemical condensation involving certain ethylenic 
jonds in isoprene and leading to new carbon compounds, and, 
secondly, formation of greater complexes from the simpWt caout- 
tciuc molecules ” so formed which does not involve the production 
)i carbon compounds in the ordinary sense. The latter process only 
akes place gradually, and is probably never complete; it consti- 
iites the so-called polymerisation of caoutchouc. The converse 
}rocess, depolymerisation, occurs when caoutchouc forms additive 
products and when it is dissolved, particularly in hot solvents. 

The properties of caoutchouc tetrabromide show it to have a 
nolecnlar weight which cannot he estimated by the ebullioscopic 
Qethod. The formation of the complex molecule cannot, however, 
te a subsequent operation, since the additive product is itself 
aturated. Bromine is added at the double bonds which remain 
fter or are formed during the polymerisation of isoprene, and in 
proportion aa addition proceeds at the "simplest caoutchouc mole- 
cules” the powers of complex formation, present in the caoutchouc, 
are placed out of action ; the state of division of the substance 
probably remains at the stage corresponding with the " simplest 
caoutchouc molecules." According to this view, the molecules of 
caoutchouc and its bromide are both large, but of different orders 
of magnitude. The tetrabromide is therefore actually amorphous, 
but has not the viscous consistency of caoutchouc, which indicates 
a very high molecular weight. The same may be said for most of 
t.he other additive products of rubber. In experimental confirma- 
tion of the view that the synthesis of caoutchouc take .9 place in two 
it is shown that isoprene condenses with other hydrocarbons 
containing an ethylenic linking, such as amylene (i3-methvl-Ai3- 
hutvlene), pinene, camphene, and with itself, yielding compounds of 
very hi?h moleralar weight which are amorphous, but do not 
possess the physical properties of caoutchouc. Both the course of 

necessary catalyst 

Allis) indicate that the process is one of actual condensation which 
nrweeds to completion. The products are still unsaturated, hut 
- much less bromine than does caoutchouc. Two different classes 
if invariably formed, both of which are solid, but 

product) ia completely insoluble in all solvents, 

' * " the other (B product) dissolves in most organic media with 

m* 2 
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the exception of alcohol. Isomerism probably depends on .life 

“X il‘rr!mmhX*of individual experimente are described iu tk, 
oriri, a “which do not lend themselves to abstraction. Commercial 

5"„ » a*;..* ; w 

' 7 '“" “>7 

The consecutive products obtained by the step-wise coiidensat,» 
witraluniinium chloride have the same percentage J)mpos.t.«„, 
slble and insoluble substances are alike unsaturat«J, and ham 
almost identical additive powers. Pure isoprene and pure ^methyl- 
Ai'-butylene, when separately treated with aluminium chlonde, give 
products of a completely different type. Experiments with 
lures of the two showed that practically only the isoprene of the 
mixture was acted on if the proportion of amylene was small aid 
the action was cautiously performed. ^ The condensation produefc 
must therefore he regarded as polymerised isojmenes. They are not 
identical but isomeric, with caoutchouc. Oily substances an 
obtained’ as by-products of these condensations, which are possith 
synthetic hydrocarbons of the sesqui-, di-, and poly-terpene senes 
It is further shown that isoprene can be condensed with pinem 
and'eamphor to products similar to those formed with ^-methyl-iS 
Imtylene; it condeu-ses. in addition, with i^opinene, dipentene, and 
sylvestrene. H. 


Digitalis Substances. XL. 11 . Kiltani (5er., 1920, 53, [B], 
240— 250),— In a previous communication (A., 1919. i, 214), the 
author has described the degradation of digitogenic acid into a 
lactojie. 0J1}..0.,, and a monobasic acid. Further examination ol 
the former and the preparation of an acetyl derivative, m. p 
9(1^, lead to the adoption of the formula and thist 

confirmed by a study of the mmjiieMnm salt of the corresponding 
acid. It is" also found that the lactone contains 10—15% of a 
Ruhi^fance, m. p. 76°, which is not dissolved by boilm? 

dilute aqueous alkali, and that the lactone cannot be recovered 
as such from its solutions in alkali. Revision of the formula oi 
the lactone necessitates alteration in that of the monobasic aci . 
which should have the composition ; re-examination oi 

the producl shows that it is not homogeneous, but contains ethyi 
hydrogen digitoseiiate, after removal of which, however, the aod 
still does not conform to the expected formula. 

Digital] crenin has [aly, ^454° in 95% alcohol, +443° in alcohol 
whilst the hydro prodnet (A,, 1919, i, 91) has [alp +42° in 9-y 
alcohol; coiitrarv to the previous statement, the latter yields ^ 
monoacetvl derivative, rn. ]). 165°. Digitaligenin is converted 
formic acid in the presence of sodium formate into a 
derivative, leaflets, m. p. 169° ; and is not hydrolysed by treatmen 
with hot dilute almholic hydrochloric acid. ^ . 

Digitoxigenin is not hydrolysed by 2% hydrochloric acid, bn )s 
converted into a C 22 H 3 o 04 ,m. p. 175°; 
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oms coarse rods, m. p. 211 — 212 °. Cautious oxidation of 
^l^jtoxigenin "by chromic acid converts it into a crystalline suh- 
•'tance, which is converted by alcoholio hydrochloric acid 

into m. p. 260°; the latter is slowly transformed by hot 

j^lcoholic sodium hydroxide solution into an amorphous sodium 
derivative, and hence, contrary to previous statements, appears to 
jjjve lactonic character. 

Sodium dixgeninate is oxidised by cold potassium permanganate 
solution, yielding an acid, CjtH 240 ^, 1 - 5 II 2 ^ 0 , platelets, m, p. 
13— 219°, [aji) -31-4° as potassium salt (the calcmm salt, 
was analysed); the acid is not affected by an 
excess" of hot sodium hydroxide solution or by cold permanganate, 
only slowly by hot permanganate. On the other hand, it is 
very susceptible to hot hydrochloric acid, which converts it into an 
add, needles, m. p. 120 °, equivalent ca. 300. It is converted by 
nitric acid into an aci^, which becomes discoJoured at 235° and has 
in p. 270° (decomp.) ; the c.alciuvi salt was analysed, The investi- 
ffafion of these acids is not yet complete. H. W. 

A New Glucoside Hydrolysable by Emulsin ; Scabiosin. 

Eji, Boubquelot and M. Bridel (Compt. rend., 1920, 170, 
436—491). — The roots of i^cahiom mccim, L., contain sucrose, 
oMainable in a crv.'italjine form, and also a new glucoside, 

[c]^, -106'52°, which, when hydrolysed by emulsin or by dilute 
sdpliitric acid, gives dextrose and a yellow substance insoluble in 
'.vater, W, G, 

Tetrahydroanemonin, Y. Asahixa and M. Atsumi {J. Pham. 
Hiim., 1920, [vii], 21, 135— 136).— Tetrahydroanemonin, C 1 QH 12 O 4 , 
when treated with sodirim ethoxide in alcoholic solution, gives a 
fvliim salt, very soluble in water, and no longer 

possesdng the ketonic function of anemonin. When acidified, the 
sodium salt gives, not an acid, but tetrahydroanemonin, which 
therefore seems to be the dilactono of an unstable acid. The con- 
sfitutioiis assigned to this acid and the tetrahydroanemonin are 
sivea by formula I and IT; 

0 CO 

<jlH 2 - 9 (OH)'CH 2 *GHj-CO,K GHg-C-CHs'CH, 

CH,-C(OH)-CH,-OH,-CO,H CH,-(>Cir,-CH, 

0 CO 

(I.) (IT.) 

Tte sodium salt, on oxirlation in neutral solution with potassium 
permanganate, yields the sodium salt- of anemonolic acid, 
^0,,H-CHyCH,,-CO'CB.;CHyCO'CH.'Cn.*CO2H. W. 0. 

Use of Butyl Alcohol as a Solvent for Anfhocyanins. 

^no Rosenheim {Biochm. 1920, 14, 73— 74), -Butyl alcohol 
rf*>ioves all the anthocyanins from their solutions in dilute acids, 
^’fflparative tests show that the monoglu cosides, chrysanthemiii 
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and oenin, are four times as soluble in butyl alcohol as in amyl 
alcohol; idaein is ten times as soluble. Of the rhamno^glucosid^ 
prunicyanin is sixteen times as soluble, and violanin is twenty-fi^rg 
times as soluble, as in amyl alcohol, Butyl alcohol, therefore, is ^ 
suitable solvent for use in the preparation of these substances in 
the pure condition. The author has ‘prepared pure specimena of 
oenin from grapes and pure idaein from cranberri^ by means of 
this solvent. J. F, S. 

Tannins. III. Chlorogenic Acid, <he Tannin-like Con 
stituent of Cofiee. K.^rl Frbudenberg {Ber,, 1920, 53, [m 
232 — 239). — Ohlorogenic acid has been extensively investigated tv 
Gorter (A., 1911. i, 221, and previous abstracts), who has assigned 
to it the annexed formula: 

f r 0 1 ] 

0 CH[C,H,{0H),]-CH.C(0H)-C(0H)<CH,— CH^cg.ojj 

i 

This is not easily reconciled with the production of caffeic'add 
from it under the influence of Mucor or PenicUlium varieties. 
Repetition of the fission experiments, using tannase, has shown that 
chlorogenic acid yields caffeic and quinic acids. It has also been 
found that chlorogenic acid, which Gorter considered to be anhy- 
drous. actually contains this accounts for the difference 

between it and the hypothetical he mi chlorogenic acid. Chlorof»enie 
acid thus appears simply as a depside of caffeic and quinic acids, 
and, as appears from Gorter's experiments, the carboxy -group of 
caffeic acid is nnite 1 to a hydroxy-group of quinic acid, as 
indicated by the formula 

CoHs(OH)./CH:cn-CO'0‘C,H-(OH)3-C03H. 

H. W. 

The Action of Sodium Hypochlorite on Amides. 1. J. 

Rinkes {Rer. frav. cliim., 1920, 39, 200—207). — Sodium hypo- 
chlorite acts on (xj3 -unsaturated amides in the presence of Diethyl 
alcohol to give urethanes, which, when hydrolysed with dilute sul- 
phuric acid, yield saturated aldehyde^s, containing one atom less of 
carbon than the original amide, 

Furylacryl amide. C4H30-CH:CH'C0*NH.,, under these coudi 
tions yields fnrylvinylvrethane, C.HgO-CK^CH-NH-COpMe, m. P. 
102®, which on hydrolysis gives furyhcetddehyde, C4H3O*CHo-ClI0, 
giving a -p-nitrophenylkydrazone, m. p. 126®, and a semicarlazont. 
m p. 130®. 

^ Cinnamaldehyde condenses with cyanoacetio acid to give a-cyano- 
cinnamenylacrylic acid, which, when heated with copper powder, 
yields cinnamenylacrylonitrile, and this when allowed to remain ii' 
contact with fuming hydrcKihloric acid and ether, gives ciniiameiiyb 
acrvlamide. This amide, with sodium hypochlorite and methyl 
alcohol, yields nfmamenylvinyhtr ethane, 

CHPhlCH-CHICH-NH-CO^Me, 
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jg p. 134 — 135°, which is hydrolysed by sulphuric acid to ^-hemyl 
^Jepropaldehyde, CHPh*.CH*CH 2 *CHO, giving a p-nitrophenyl- 
hidrazone, a semicarhazone, m. p. 192° (decomp.), and an oxime, 
I p. 117°. W. G. 

pyrylium Compound^. VI. Quino-pyran Derivatives. 

^V. Dilthey and R. Tauchek {Ber., 1920, 63, [Ti], 252— 260).— In 
extension of the work of Dilthey (A., 1919, i, 413), pyrylium salts 
having a methoxy- or hydroxy-group in the para-position in the 
pbenyi group in position “ 4 " have now been prepared which are 
found to be closely analogous to the corresponding salts in which 
the o-phenyl group is similarly substituted. 

-j miili^tnediaceiophenone, OMe‘C(^HpCH{CH,'CO’C, 5 H,r,) 2 , colour- 
less coarse crystals, m. p. 105°, is prepared by the condensation of 
anisaldehyde and acetophenone with sodium hydroxide in boiling 
aqueous alcoholic solution; a second modification, long, shining 
crystals, m. p. 93°, is also described, which passes into the former 
when crystallised from benzene. The disemicarhazone forms 
colourless crystals, m. p. 246 — 247°. Anisylidenediacetophenone 
(or a mixture of anisylideneacetophenone and acetophenone) is con- 
verted by hydrated ferric chloride in acetic anhydride solution into 
the iron salt of 2 : 6-diphenyl-4- 
^ — V /CH — C?h. p-anisylpyrylium chloride (an- 

MeO^f / — ^ C /O Cl nexed formula), small, yellow 

^ ^CH — CPh^ J needles, m. p. 226°, which is 
transformed by sodium acetate 
ii) dilute aqueous solution into a-hydroxy-e-keto^ae-diphenpLy-p- 
anky^y'^-pentadicne, OH* CPh!CH‘C(CpH^*6Me)iCH‘COPh, slender 
needles, m. p. 122° {disemicarbazone, colourless crystals, m. p. 218°; 
picrate, reddish-brown needles, m. p. 244°; acid hydrochloride, 
yellow, crystalline precipitate, which decomposes at about 140°). 
Demethyl ation of the pmid-o-hd&o with concentrated hydrochloric 
acid at 160 — 170° gives 2:^-diphenyl^-p~hydroxyphenylpyrylium 
hydrochloride, steel-blue, shining needles, m, p. 320°, after slowly 
changing from 235° (an add chloride, C23H,;,OvCl,0‘5HCl, yellow 
crystals, is also described) ; demethylation with hydrobromic acid 
"ives the corresponding bromide, brownish-red crystals, m, p, above 
which appears to exhibit little tendency towards further com- 
hination with the halc^en acidj» The chloride is converted by water 
and a slight excess of sodium acetate into 2 ; G-diphenyl-d-quino- 

Qp^'QTT. 

pyran, dark red crystals with a bronze 

glance, m. p. 262 — 264°; the anhydro^base is almost instantane- 
ously decolorised by semicarbazide, but does not yield a semicarb- 
S'Zone. Addition of water to the anhydro-base occurs less readily 
than with the o-isomeride, and is best effected by cautious addition 
of water to the alcoholic solution, whereby the carhinol base, 

, is precipitated in pale red crystals. 
It is much less stable than the corresponding a-derivative, and 
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readily loses water when heated, and re-forme the pseudo-base 
It is Lie readily isolated as ks monoautyl denyative, pale yello*. 

j p TT n nnlourless crystaU, ni- p- > respectively. 

Lhihst 

anhydro-bL, and are probably formed by fi^ion of the nng. 

[AddenAnm to Part ZF.-W. D.lthey ]-The rfsammnrSnmnr of 
a - hydroxy-eheto - ye - diphenyl - a - p - hydroxyphenyl-A-r-pentahee, 
forms colourless, transparent prisms, m. p. 191 _ e 

picrate of 2 : 6-diphenyl-4-p-anisylpyrylium m. p 237— 238 (A., 
1919, i, 413) is now found to have a normal constitution. H. W. 


Pvrvlium Compounds. VII. Carbonium or Oxonium? 

Walther Diethey (Btr., 1920, 53, [5], 261--265).— The author is 
led to reject the carbonium formula for pyrylium compounds, since 
several basic carbon atoms must be taken into consideration, and 
thus there is no possibility of a uniform conception. For a similar 
reason the oxonium formula is rejected. Regarding the basic pro- 
perties of oxygen as proved, there would be in the pyrylium ^Its 
three carbon atoms and two oxygen atoms to which negative radicles 
mi?ht be attached, whilst it is also possible that the para-carbon 
atom of the phenyl residue can function in the formation of salts. 
In proportion as the number of basic atoms in the molecule 
increases, it becomes more certain that no single one of them is 
united to the negative group, and more probable that_ the latter 
is attached to the molecule as a whole. A somewhat similar idea 
has been advanced by Kauffmann (this vol., i, 50), who, however, 
regards the cationic "partial valencies as associated with definite- 
atoms. It appears simpler to the author to regard the complex as 
a whole rather than the individual atoms as carriers of the electron. 
Adopting these ideas, the annexed formula is proposed for the 
pyrylium salts, which represents the negative 
group as freely mobile in the “second” zone 
and attached to no particular atom, but to the 
total complex. The fourth carbon valencies 
are disposed in such a manner as to indicate 
that one of them resembles the carbon atom 
of triphenylmethyl, and to express the possibility of the return of 
the hydroxyl group in the formation of pseudo-bases to either the 
a- or the y-carbon atom, When this has occurred, the remaining 
valencies arrange themselves to ordinary double bonds; it is also 
shown that the j3-carbon atoms cannot combine with the hydroxyl. 
Since this conception can readily be expanded to triphenylmethyl 
and to the nitrogen atoms of azines, oxazines, and thiazines, a 
uniform conception of a large class of dye-salts is secured. ^ 


CH CR- 

Nox 


\/ 

Oil OR 
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Syntheses of Methylenecoumarins. L. Clajsen (Bet*., 1920, 
53, [^1^ 322—325).— In a recent communication (A., 1919, i, 340), 
Adams and Rindfuss have described the action of bromine on 
g^f^tvlated o-allylphenols and the elimination of the bromine from 
the product by boiling alcoholic potassium hydroxide, whereby they 
obtain substances which they consider to be m ethyl enecoumarans 

of the type The author points out that he 

has used this process previously (A,, 1913, i, 1175; 1919, i, 266), 
and that it yields coumarones of the type 
Whilst agreeing with Adams and Rindfuss that the compound 
is formed as an intermediate stage, he 

does not consider that the further elimination of hydrogen bromide 
must of necessity cause the final production of a substance with 
the double bond in the side-chain, since, under the experimental 
conditions, one of the two bonds would almost certainly pass to 
the nucleus. Further, the observation of Adams and Rindfuss 
that their '' methylenecoumaran^' yields a monobromo-derivative 
from which bromine cannot be removed by alcoholic potassium 
hydroxide or silver nitrate, is most readily explained on the 
assumption that it is a methyl coumaran brominated in the nucleus, 

H, W. 

4^-Methoxy'r-naphthyl-2'ChromorLe, S. Ruhemann and 
S. I. Lew {Ber.. 1920, 53 , [B], 265 — 274). — 4-Methoxy-l-naphth- 
aldehyde, b. p. 200— 202'’/10 mm., is converted by ethyl acetate 
and metallic sodium into eihyl ^A-rnefhoTyA.-na'phihyhtryJait, 
OMe'CiiiHc/CH.’CH’COnEt, yellow prisms, m, p, 59°, which is 
readily hydrolysed to the corresponding acid, m, p. 215° (compare 
Rousset, A,, 1899, i, 296; Windaus and Bernthsen-Euchner, A., 
1917, i, 670). The latter is reduced by sodium amalgam to 
S-t-raethoxynaphthylpropionic acid, colourless needles, m. p. 
163- -164° (Windaus and Bernthsen-Buehner, loc. cit., give 
165—166°), the silver salt and ethyl ester, colourless oil, b. p. 
206"-207°/10 mm., of which are described. Attempts to convert 
the acid into a hydrindone by means of phosphorus pentachloride 
and aluminium chloride were unsuccessful, the product being an oil, 
which did not crystallise and could not be distilled without decom- 
position. 

Bthvl aB<hhr(moB-i-meihoTv-\-vnphih vl propionate, 

OMe-C^Hr/CnBrCnBr-COnm, 

colourless needles, m. p. 108 — 109° (decomp,), is obtained in quanti- 
tative vield from the nn saturated ester and bromine in carbon 
'iisiih)hide solution. It is a somewhat unstable substance, which 
readily decomposes when gently warmed; it is converted by 
alcoholic potassium hydroxide solution into i-weihoripX'naphihyl- 
p'lmohr ncid. yellow needles, m, p. 159° (decomp.), from which 
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i-mtlhoxyl-naphthyl methyl ie(OT^e colo^^rle^ prisms, m p. 
72-73“ is prepared by prolonged trea ment with boding water. 
Methoxynaphthylpropiolic acid cannot be ^tenfied in the usual 
manner! thus, treatment with boiling 2— 3% al<»holic hydropn 
rZide converts it into ethyl fi-ch^methoxy-l-nafhthyl 
acrylate, OMe-C,„Ho-CCi;CH-CO,Et, yellow viscous oil h. p, 
240°/15 mm. (partial decomp.). Methyl i-methoxi,-l 
luiphthylrojnolaie, colourless needl^, m. p. 97°, is prepar^ froia 
the add, methyl sulphate, and potassium hydroxide whilst the 
ethyl ester, yellow prisms, m. p. , is similarly obtained, hut 

in 4ry poor yield, with the aid of ethyl iodide ^ 

Ethyl 8-phenoxy-^-^-Tn^l^hoji:y-\-no,phthyl{icryi(ite^ is prepared as 
'■ ^ a viscous, red oil, which did not show any 

tendency to crystallise, and which was 
not further purified by the action of 
sodium phen oxide on ethyl j3-chloro-i34- 
methoxy-l-naphthylacrylate; it was hydro- 
lysed by methyl-alcoholic potassium hydr- 
oxide to a mixture of the corresponding 
arid, brown prisms, m. p. 180~18P 
(decomp.), and the phenyl ether of 
^-hydroxy-'^-methoxy-al^-na.phthvrhd - 1 -on?- 
(I). colourless prisms, m. p. 186 — •187'^. 

Successive treatment of 3-phenoxy-jB-4- 
methoxy-l-naphthylacrylic acid with phos- 
phorus pentachloride and aluminium 
chloride yields -methoxy-V’naphthyl-l- 
cEromone (II), pale yellow needles, m. p. 177 178°. H. W. 


/ 


OMe 

n/\ 


\/\/\co 

phO‘C-=OH 

(T-) 

CO 

I I ijc-c 




(II.) 


Formation of Chromones. S. Ruhemann [Ber., 1920, 53, 
\B] 285—287). — The methods available for the synthesis of 

chromones (Ruhemann, T., 1900, 77, 1184; 1901, 79, 470, 918, 
1185; 1902, 81, 419; Simonis and Rennert, A., 1914, i, 980) 
suffer under the disadvantage that the yields are very small. 
The author has therefore endeavoured to synthesise these sub- 
stancevs from ethyl j3-chlorocratanate, using a procedure which, in 
the aromatic series, readily yielded the flavones; although pre 
paration can be effected in this manner, the yields are unsatis- 
factory. 

2-Methylchromone (annexed formula), colourless needle, m. p. 

72 — 73°, is obtained by the successive action of 
CO phosphorus pentachloride and aluminium chloride on 
d^\/\ jB-phenoxycrotonic acid. Similarly, ^-pdolylox/i- 
t II 11 m crotmic acid, colourless needles, which gradually 
\/^\/ ^ decompose when heated, softening at 145° and becom- 
0 ing completely molten at about 159—160° (ethyl ester. 

<X)loiirless oil, h. p. 152 — 153°/ 14 mm.), is trans- 
formed into 2 : Q~dimethylchromone, colourless prisms, m. P- 
103 — 104°; the latter, like other chromones (Ruhemann, T., 1902, 
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8l a platinichloricle, (CiiH]Q 02 ) 2 ,H.>PtCle, orange 

prisms, which darken when heated and have m. p. 185° (decomp.). 

H. W. 

The Parent Substance of Adrenaline. Kaul W. Kosknmumd 
and H. Doensaft (Ber., 1920, 53, [5], 317 — 318. Compare this 
*rol., i, 56). — Tn reply to the criticism of Knoop (this vol., i, 161), 
the authors point out (i) that adrenaline is produced in such small 
quantity in the organism that it is probable that the main processes 
of degradation of amino-acids are not concerned with its form- 
ation, and (ii) that the sequence of changes of amino-adds which 
they have postulated is not hypothetical, but is based on changes 
vvhich have been established experimentally for micro-organisms. 

H. W. 

The Identity of Aribine with Harman. Ernst Spath 
[J^onatsh.f 1919, 40, 351 — 359). — The fact that aribine can be 
sublimed without decomposition is difficult to reconcile with the 
molecular weight required by Rieth’s formula, C. 23 H.,yN 4 {AntmJen, 
1861, 120, 247). A comparison of the alkaloid with Harman, 
Cj.,HioN 2 (Fischer, A., 1901, i, 405), revealed the complete identity 
of the bases (m. p. 237 — 238° in a vacuum), of their hydrochlorides 
(each showing intense hlue fluorescence in acid solution), of their 
aiuichlorides (darkening in a vacuum at 207° and melting at 
211—213° [decomp.]), of their platinichlorides (straw-yellow 
needles, which turn brown in a vacuum at 255 — 260°, and 
are not melted at 280°), and of their picrates (yellow crystals, 
which become brown in a vacuum at 215°, dark brown at 240°, and 
black at 250—255°). J. K. 

Some New Compounds of CaSeineand Theobromine, 
Soluble in Water. J. Abelin {Apoth. Zeit., 34, 316; from Chem. 
gcn/r.. 1919, hi, 957). — The alkali and alkaline- earth salts of 
aromatic carboxylic a.cids and of all w -methylsulphonio acids of 
carbo- and hetero-cyclic amines yield complex compounds with 
caffeine and theobromine which are freely soluble in water and, in 
part, are of therapeutic value. Since aqueous solutions of o-acet- 
oxybenzoic acid are readily decomposed, with elimination of acetic 
acid when slightly warmed, the preparation of calcium caffeine-o- 
aceioxj/henzoate is eSected by suspending calcium o-acetoxy benzoate 
(100 grams) in anhydrous alcohol or acetone (500 c.c.), and, with 
continuous stirring, adding a solution of caffeine (55 grams) in 
chloroform ; the solvent is subsequently allowed to evaporate at a 
low temperature, The purity of the product is tested by treating 
its aqueous solution with ferric chloride, which should yield a 
coffee-brown precipitate, but not. a violet coloration (absence of 
salicylic acid). Calciuw thcophyUine-o-acefoTyhenzoatc- is similarly 
prepared from solutions of theophylline in pyridine or benzyl 
alcohol. The caffeine and theophylline compounds of the w -methyl- 
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sulphonatas of the amines are prepared by mixing solutions of 
eouimoleciilar quantities of the components in water and evapor- 
atinf^ the solutions on the water-bath at a low temperature, or. 
if the amine salt is insufficiently stable to withstand this treat 
ment, a solution of caffeine in chloroform is added to a suspension 
of the sodium salts of the w-methylsulphonic acids of ^-phenetidiue 
(neraltine), of 4-amiTioantipyrine (melabrin), of aniline, p-toluidine. 
or naphthyl amine in alcohol, acetone, or chloroform, and the solvent 
is removed with continuous stirring at a gentle temperature. 

H. W. 


The Ability of Plants to Form Optical Antipodes. Kurt 
Hess and Wilhelm Weltzien {Ber,, ^20, 53, [5], 119—129).- 
The normal products of animal metabolism occur in optically active 
forms and never in their possible antipodes;; an apparent exception 
to this rule is found in the production of optically inactive lactic 
acid by the fermentation of dextrose, but in this case it has been 
established that methvlglyoxal is an intermediate product, from 
which, by an’intramnlcoular Cannizzaro reaction, the lactic acid is 
finally formed, that is, the final stage is not an enzymic process. 
In the case of tlie ]dant organism, on the other hand, optical anti- 
podes are not infrequently produced simultaneously; examples of 
this are coniine and methvlconiine in Conium macvlatum, pelle 
tierine, jVopelletierine and m ethyl ns opelletierine, atropine, 
laudanine. scopoline, paricine. cr 3 ^ptopine, arabine, cevadine, 
delphinine, and delphinoidine. The production of optically in- 
active bases which contain at least one asymmetric carbon mav be 
ascribed to one of the following causes : (i) racemisation may have 
occurred during the treatment of the plant with extracting solvents, 
(ii) racemisation of a primarilv formed optically active alkaloid 
may have occurred within the plant during its life, and (iii) form- 
ation of the alkaloid may be brought about by “symmetrical" 
processes, either by svTnmetrical enzymes or by total or partial 
processes in which enzymes do not play a part. Thus, coniine may 
po^'sibl.’ be Formed in the following manner: 


/\^ 

NH 


- K .^0 


\ 


'('iOHEt 




NH 


/\, 

NH 


which would be analogous to the production of rfMactic acid from 
dextrose, with intermediate formation of methylglyoxal. The 
possibility indicated in (i) may be exernplified by atropine, since 
f-hyoscyamine is readily racemised by dilut-e alkali at the ordinary" 
temperature and by preservation of its alcoholic solution, whilst 
protracted treatment with potassium carbonate solution is used in 
extracting the alkaloid from Afrojm Jielhi/fonna. Pelletieriiie and 
the allied substances have been shown to be readily racemised. but 
not under conditions sucli as are observed in their extraction, whilst, 
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al80, activity is observed in the fresh extracts, (/-Coniine and 
^/-methylconiine are racemised with such difficulty that it is 
impossible to assume that racemisation occurs in the process of 
extraction or within the living plant. The case of scopoline is 
somewhat different, and it appears impossible to attribute the 
optical inactivity of the natural product to any of the three causes 
above-mentioned, since King (T., 1919, 115, 476, 974) has shown 
that the active base is by no means readily racemised, and an 
explanation on the lines of that given for (//-lactic acid is out of 
the question. There would thus appear to be an example of a 
fundamentally different mode of action in the animal and the 
plant organism. 

[In part with (Frl.) H, Kaulla.] — Coniine is not racemised 
when heated with concentrated hydrochloric acid during 104 hours 
at about 200° (compare Hess "and Eichel, A., ]d\S, i. 34). 
Similarly, (/-methylconiine is unchanged by similar treatment 
during 120 hours, by the action of ethyl-alcoholic sodium ethoxide 
solution during 12 hours at 200°, or of aqueous ethyl-alcoholic 
sodium solution under the same conditions, or by boiling alcoholic 
potassium hydroxide solution during 45 hours. H. W. 


The Asymmetric, Tervalent Nitrogen Atom. III. Methyl- 
dihydrotsopelletierine and (//-Methylconhydrine [Methyl- 
dihydroconhydrinone] . Kurt Hes.s (Ber., 1920, 53, [5], 

129— 139).— In previous communications (A.. 1919. i, 345; this voh, 
i, 86) it has been shown that nietliyhlfopelletierine and (//-methyl- 
conhydrinone are structurally identical, racemic compounds, the 
isomerism of which can only be ex]:)lained by the assumption of a 
second asymmetric centre in addition to the asymmetric carbon 
atom, which can only be the tervaleiit nitrogen atom. Since each 
compound is oxidised to piperidine-2 -carboxylic acid and reduced 
to (//-mcthyloouiine, it appeared that the stereoisomerism was in 
some manner conditioned by the presence of the carbonvl group. 
Tt is now found, however, that the four amino-alcohols obtained by 
reduction of methyl(.9opeiletierine and (//-methylconhydrinone are 
all different, so that the isomerism of the parent substances persists 
m the corresponding alcohols. The carbonyl group of the ketones 
cannot therefore have the importance which was previously 
attributed to it, and the cause of the isomerism is to be sought in 
me arrangement of the groups around the nitrogen atom. If, 
however, the oxygen atom is entirely removed, the isomerism dis- 
appears. It may he further noted that the methiodides of the 
ydramines of both series are different, and afford a rather unusual 
asymmetric arrangement in a compound of the type 
i (AABC)X; a similar iiistanco has been observed by Freund and 
Keeler (A., 1919, i, 283) in the quinoline series. 

^ - rethyh,mpelletierine is readily reduced by sodium amalgam and 
wa er at the ordinary temperature to a mixture of 
^ J'oiiopelletierine, b, p. 101 — 106°/15 ram., and slightly impure 
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^-meihyhhhijdroiso'pdltiierine, b. p. 


CH, 


H.C 

' \/ 

MeN 

a-Baae. 


H 

Oh — (.)K c 

UH 


CH^ 


H,0 


CH- 


MtN 

;8-Base. 


Oil 

'CEt 

I 

H 


115—120^/15 mm. (annexed 
formulae), which are 
separated by frac- 
tional distillation. 
The o-base does not 
yield crystalline salts 
with the halogen aeidj; 
or with chloroplatinic 
acid, but gives a 
crystalline methiodide. 
m. p. 176^, an oily picrate, and an oily m-mtrohenzoyl derivative, 
b. p. ca. 220^/17 mm. The jS-base gives a methiodide, cubes, m, p, 
176- -177°, a picraie, prisms, m. p. 123 — 124°, and an oily m-nitro- 
benzoyl derivative, which could not be distilled without almost 
complete decomposition. Reduction of either base by phosphornt 
and hydriodic add at 125—135° gave ^//-methylconiine, identified 
as the platinichloride and aurichloride. 

a-^VMethylconhydrine, b. p. 97— 99°/ 16 mm., and 
conhydrine, b. p. 91— 101°/ 15 mm. (annexed formuhe), are 

obtained by the action 
of formaldehyde and 
formic acid on the 
corr^ponding hydr- 
aminee. The a-base 
gives a methiodide, 
prisms, m. p, 
178—179°, a picratt 
( + 0-5EtOH), rods, 
m. p. 79 — 80°, and an oily m-nitroh enzoyl derivative. The meth- 
iodide of the j3-base crystallises in prisms, m. p.. 174°, the picrate 
forma irregular plates and cubes, m. p. 133 — 134°, and the m-nitro- 
benzoyl derivative is an oil. Reduction of either base by hydriodic 
add and red phosphorus yields c/Z-methylooniine. 

Isomerism of the amino- alcohols is not so sharply marked aa 
that of the ketones, since in the former case the m. p.’s of the salts 
are nearly identical, whilst in the latter case they differ by 30-^0°; 
the individuality of the salt is, however, readily demonstrated by 
the mixed melting-point method. "" 


CHg 
H,G 

\/ 


M 

i:H — CEt 


NMe 

a-Base. 


OH 


CH^ 


CH- 

/ 

NMe 

^-Base. 


H,C 


OH 

h 


H. W. 


The Asymmetric, Tervalent Nitrogen Atom. IV. Non- 
existence of Ladenburg's f^oConiine. Kurt Hess and Wilhelm 

Weltzien {Ber., 1920, 53, [5], 139--149).— Some years ago 
Ladenburg (A., 1906, i, 692, and previous abstracts) described the 
^reparation of Moconiine, and explained its isomerism with coniine 
by the hypothesis of an asymmetric, tervalent nitrogen atom. On 
theoretical grounds, the authors have been led to doubt the exist- 
ence of this instance, since the salts of coniine and woconiine have 
identical melting points, which is unusual in a case of this kind, 
whilst, secondly, 7-methyl coniine (preceding abstract) is incapable 
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existence in the correspending isomeric forms, and th© same is 
tJierefore probably true for coniine itself, and, thirdly, /-coniine 
tas been synthesised by Lbffler (A., 1909, i, 180) and found to be 
identical with the natural substance. They have therefore 
repeated Ladenburg’s work, and obtained results which are prac- 
tically identical with his. The possibility that fsoconiine as pre- 
pared in this maner is contaminated with an impurity which affects 
the specific rotation, but is eliminated in the purification of the 
salts, has been examined by adopting a different mode of synthesis, 
which is found to yield a material identical in all respects with 
natural ^/-coniine. The higher optical activity of Ladenburg’s 
jynthetic coniine preparation is therefore to be attributed to the 
presence of impurities, and wo coniine is to be deleted from the 
literature, 

Ladenburg’s synthesis has been slightly modified. Methyl-a- 
picolylalkine is reduced by phosphorus and hydriodic acid, but as 
the product is found to contain about 65% of 2-ally 1 pyridine, the 
conversion to the propyl derivative is completed by means of 
hydrogen in the presence of platinum. The ^//-coniine is prepared 
by reduction of 2-propylpyridine by sodium and alcohol, and is 
r^olved by f/-tartaric acid. The hydrogen tartrate and platini- 
chlorides of the synthetic and natural bases appeared identical in 
all respects, but the synthetic base had [a]„ +19 OP, whereas the 
natural product had only [aj^ + 15 ’21°. 

The preparation of ^//-coniine from methyl orpicolylalkine hais 
been effected in a somewhat different manner, in that the sub- 
stance is first converted into the piperidine derivative by hydrogen 
in the presence of platinum, and the hydroxy-group is subsequently 
reduced by treatment with phosphorus and hydriodic acid, followed 
by zinc and sulphuric acid ; in this manner, the formation of an 
allyl derivative is avoided. The racemic base is resolved by 
f/-tartaric acid; the specific rotation of the hydrogen tartrate is 
-i- 20*06° in alcoholic solution, whilst the base obtained from it has 
+14-96°, which agrees well with the specific rotation of the 
natural product. H. W. 

A Radicle with Quadrivalent Nitrogen. Bkuko Emmert 
(5cr., 1920, 53, [5], 370 — 377). — Dimethyl- or diethyl -tetrahydro- 

dipyridyl, fe-N (Hofmann, A., 

1881, 921 ; Emmert, A.. 1909, i, 602; 1917, i, 221 ; 1919, i, 455), is 
soluble in alcohol, yielding a yellowish-brown solution, which, 
slowly at the ordinary temperature, but more rapidly when warmed, 
becomes deep blue; the blue coloration disappears immediately 
when the solution is shaken with air, but slowly reappears, and can 
be again removed until a molecule of oxygen has been absorbed 
for each molecule of substance. The phenomena are thus analogous 
with those observed by Schmidlin (A., 1908, i, 623) in the case of 
tnphenylmethyl. In the present instance, there is the possibility 
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of the formation of two radicles (annexed formulae, I and II) eou- 

taining, respectively, a 


OH CH ) • « quadrivalent nitrogen or a 

/\ . y 1 ' H . C H \ tervalent carbon atom, which 

yCH ^ ^ oxidation should yield a 

lie— OH CH.UH pyridinium hydroxide or a 

( 11 .) peroxide; actually, the 

formation of methylpyr- 
idinium hydroxide from dirnethyltetrahydrodipyridyl (identified a< 
the chloride and platinichloride) is established. In the case of 
benzyltetrahydrodipyridyl, the blue coloration of the alcoholic solu- 
tion is only developed on warming. Solutions in ether are yellow, 
and do not become blue. Solutions in chloroform are intermediate 
in their properties between those in ether and alcohol , the yellow 
solution, when preserved with exclusion of air, slowly becomes pale 
<^reen to bluish -green, which may be regarded as a mixture of the 
yellow and bluc^colorations. The following experiments show that 
the blue solutions actually contain the radicle (I) ; th© alcoholic 
solutions are instantaneously decolorised by iodine and yield 
.V-alkylpyridinium iodides, as is shown by the isolation of these 
substances and by the estimaiiou of ionisable iodine in the crude 
products. Addition of iodine to the yellow, ethereal solutions 
causes partial resinification ; allylpyridinium iodides ^e also formed 
in small amount, together with larger quantities of yellow, 
amorphous powders, which could not be further purified, but which 
are shown to contain an atom of iodine for each pyridine nucleus. 


A mixture of alkylpyridinium iodide and the yellow, amorphous 
iodo-compouiul is formed from the chloroform solution. 

In the case of triphenylmethyl. the degree of dissociation, and 
consequeiitlv the intensity of colour of the solution, diminishes wiih 
decreasing temperature. The blue, alcoholic solutions of the 
dialkyltetrahydrodipyri.dyls become violetrred at -80°, whilst that 
of the dibenzyl derivative changes to brown, the colour in each 
case being restored when the solution is warmed ; the reason of the 
non-disappearance of the colour has not been, elucidated. 

The tendency of the dialkyltetrahydrodipyridyls to dissociate 
into radicles is ascribed to the weakening of the valency uniting Ihp 
y-carhun atoms by the demands of tlie numerous double bonds, and 
cannot be ascribed to steric hindrance, which has been S 9 frequently 
advanced as a theory in the triphenylmethyl series. H. "A- 


The Action of Ethyl Chloroformate on Pyridine and 
Quinoline. Thomas Hopkiss (T., 1920, 117, 278 — 282). 

Crystallographic Properties of a Compound 

A. JoHNSEN {Ccfitr. Min., 1919, 33 — 34).— The compound, which 

possibly has the stimcture CIIPhlC^CM^-, 

^ il* t/ H 

138'5 + 0‘o° (dccomp.). and crystallises from benzene in short 
columns with indistinct end faces; a: ; c = T335 : 1 :0 5i ? 
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1‘345. Cleavages were observed parallel to the 
fa^s {100} and {101}. The optic axial angle is large, and 
1-756. E. H. R. 

Constitution of Acylanthranilic Anhydrides. G. Schroeter 
filer., 1920, 63, [B], 230 — 232). — In a recent communication (this 
vol. I Heller and Lauth have described the preparation of 
tvd'razinO'derivatives of simple and complex acylanthranyls, to 

they have attributed the general structure 5 „~!^N*COR 


C«H, 


^co-o 


instead of ■ The author, however, regards the form- 


ation of the hydrazine additive products as additional evidence in 
favour of the lactonic formulae; he points out, for example, that 
tbs anhydride of formylanthrauilic acid may be regarded as 

i.^ocoumarin, in which a CIT 
group is replaced by 
nitrogen, and that, therefore, 
their hydrazino-compounds 
may be similarly formulated 
(annexed formulae, I and II). 
The lactone formula further 
explains why acylanthranilic 
acids which contain the group 'NH’CO* readily form unimolecular 
anhydrides, owing to preliminary change into the desmotropic 
form •N‘.C(OH)v, whereas those in which tlus desmotropic change 
is structurally impossible give bimclecular anhydrides. H. W. 


iln-bn oh 
\/ 
.c— 0 

(I.) 




\/ 

^C-0 

( 11 .) 


Products of the Action of Oxalyl Chloride on Acid Anilides . 

R, Stoi-le aud M. Luther (Ber., 1920, 53, \B\ 314--317).— 
When acetanilide is heated with rather more than a molecular pro- 
portion of oxalyl chloride in carbon disulphide solution, it yields a 
CjoHyO^N, m. p. 143° (not quite definite), which, 
mainly by reason of the readiness with which it is decomposed by 
water into acetic and oxanilic acids, is regarded as 4:5-diketo-3- 

phenyl-2-methylenetetrahydro-oxazole. When 

wanned with alcohol, it gives 4 : h-fUMto-% ethoxy -Z-phenyl-^- 
mithyltetrahydro-oxazole, colourless needles, m. p. 98°. Under 
similar conditions, diethylacetanilide and oxalyl chloride (1:1) give 
4 •o4il’eto-Z~vhenyl-2-diethifImefhvle}icfefrahydro-oxazole, m. p. 
69 °. 

The compound, s obtained by Figee (A., 1915, i, 869) from molar 
quantities of oxalyl chloride and propion anilide or phenylacet- 
anilide are to be regarded as 4 :5-dikpto-3-phenyl-2-ethylidenetetra- 
Iivdro-oxazole and 4 : 5-dik6to-3-phenyl-2-benzylidenetetrahvdro' 
oxazole. H. W. 

Preparation of Octanitrodiphenylethylenodiamine. Fare- 

vorm. Meister, Lucius, & Pruning (T).R.-P, 300082; from 
Zenfr., 1920, ii, 188). — Ocfanifrodi'pheriyhthyJcnediamn^e, 
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C,Ho(N 02 VN(NO,)-CH./CH/N(NOo)*C^H 2 (NO.i)a, is prepared by 
the actioii of oonccnt rated nitric acid on 2 : 4 :2^4'-tetramtro. 
diphenylethylcnediamine or 2 : 4 : 6 : 2' : 4' : G'-hexanitrodipheny]. 
ethylenediainine; it crystallises from concentrated nitric acid iu 
colourless, rhombic ]}risms, m. p. 213° (violent d^mp.), and ig 
almost insoluble in the usual organic media. It is an extremely 
sensitive explosive. H- W, 

Absorptive Power of Uric Acid towards Dyes, Albe 
Benoit (t7ow/>/. rrnfJ, hial., 1919, 82, 1051—1062; from 
('hvm. ZeiUr., 1920, i. 168).— Uric acid has the power of adsorb- 
ing precipitated colloids from their solutions. If methylene-blue i? 
administered to a subject who separates uric acid freely, the sedi 
ment is coloured blue. If a trace of dye is added to a hot 
saturated solution of uric acid, coloured crystals of the latter are 
deposited from the cold solution. When a cold saturated solution 
of a normal urate is treated with a small quantity of a soluble 
dye and then acidified with a trace of hydrochloric acid, the pre- 
cipitated uric acid adsorbs the dye. and can even cause complete 
decolorisation of the solution. H, W. 

State of Uric Acid in Solution. Albe Benoit {Compt. reM. 
me. hioJ., 1919, 82, 1052—1053; from Ckejn, Zenfr., 1920, i. 168). 

-Uric acid may be present in solution in two physically different 
conditions, in one of which it is stable, flocculcnt, and crystalline, 
and c.annot adsorb dyes, whilst in the other it is metastable; it is 
found in the latter crondition in supersaturated solution in urine. 
Uric acid is therefore jirobably more soluble in colloidal solutions 
than in the corresponding quantity of distilled water at the same 
temperature. H. W, 

Action of WPhenylhydroxylamine on Aromatic Nitro- 
compounds. Jakod Meisenheimer 1920, 53 {B\ 

358 — 369).- -The action of hydroxylamine on m.-di- and tri-iiitro- 
compounds leads to^ the substitution of hydrogen atoms attached 
to the nucleus by amino-gronps. whereas with o- and p-dinitroaryl?. 
reduction to the conmspondiiig dihydro-derivatives occurs (Meisen- 
heimer and Batdg. A., 1906. i, 642, 652). It is now shown that 
the reaction with phenylhydroxylamine follows a similar course in 
each case, 

[Wilh Ivan Smolnikov.] — AV hen 7//-dinitrubenzene and phenyl- 
hvdroxyl amine react in methyl-alcoholic solution in the presence 
of potassium hydroxide, a mixture of azoxybenzene, a-3-???Vro-l- 
azoryhenzene, yellow needle?, m, p, 120—121° and j0-3-w?fre-b 
azoxyhenzene, pale yellow needles, m, p, 86 — 88°, is obtained. The 
latter substances are reduced by ammonium sulphide to Z-niiro- 
X-liydrazohe.'nze.ne, yellow crystals, m. p. 84 -85°, which is oxidised 
bv mercuric oxide 'to 3-nin’o-l-azobeiUPue, m. p. 95—96° (compare 
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Bamberger and Hiibner, A., 1904, i, 117). The course of the 
^-oudensation is indicated by the scheme: 

NO.-aH -NIO 

V0/C,H/^^O2 + NHPh•OH ^ 

NaO NPh-OR 

A similar mixture of azoxy-com pounds is obtained from 1 :3:5-tri- 
uitrobenzene, but in this instance only the more sparingly soluble 
‘}^_'^4iTiitro-\'azoxyhenzt7ie^ practically colourless crystals, m, p. 
170--171®, was isolated. 

“ 2 : 4-Dinitrotolueue yields with azoxybenzene. a-htnztneazo 3 :}j-% 
yellow crystals, m. p. 123 — 124°^ ^-henzeneazoxy- 
Afiifro-p'Zn/nemj, m. p. 119 — 120°, and a substance, m. p. 160°, 
N^hich is very probably 2 : 2^-dinitro-4 : 4'-azoxytoluene. Reduction 
of the benzeneazoxynitrotoluene yields the corresponding hii^razo- 
which, without being isolated, was oxidised to henze.neazn- 
Uitro-^ioluene, orange-red needles, m. p. 103—104°, the consti- 
tution of which is established by its synthesis from nitrosobenzene 
3 !)c] 3-nitro-;7-toluidine, 

The nitro-group appears capable of adding hydroxylamine in the 
manner described above only if both the ortho-positions with 
respect to it are free. Thus 2 : G-dinitrotoluene is converted into 
■]:2^-clinitro-6 : 6 ^-azoxy toluene, nearly colourless crystals, m. p. 
]89 -190° (Brand and ZoUer, A.. 1907, i, 755). 

The additive power of nitro-g roups in the m-, di-. and tri-nitro- 
('ompound.s is greatly influenced by the presence of other substi- 
tuents; preliminary experiments show that 2 ; 4 : 6-trinitrotoluene 
and 2 :4 : 6-trinitrophenetole react in a quite different manner 
pvhich has not been further examined), whilst 2 ;4 : 6-trinitro-m- 
::ylene remains unaffected. 

When 1 : 3 : 5-trinitrobenzene and phenylhydroxylamine are dis- 
solved in alcohol, a crystalline mh stance, is slowly deposited (pale 
Yfllow leaflets or needles, m. p. 123—124°), which is formed from 
I ;3;5-trinitrob6nzene (2 molecules) and azoxybenzene (1 mole- 
cule), the latter being obviously formed by the auto- decomposition 
of phenylhydroxylamine. ??? -Dinitrobenzene behaves similarly.- 
Yielding m-dinitrohenzencazoxyhenzene, Cj^TT^jOrN^, yellow plates, 
'll. p. 52 -t 54°. Azoxybenzene was also found to give additive 
pmduch with 1:3: 5 -trinitrobenzene, with 2:4: 6 -trinitrotoluene 
(vellow leaflets, m. p. 64 — 66°), and with ??? -dinitrobenzene, but not 
rith 2 :4 : 6-trinitrophenetole or 2 :4'dinitrotolnene. Azobenzene 
ivas less reactive, but yielded an additive compound with trinitro- 
^eiuene (compare Hofmann and Kirmreuther, A., 1910, i. 548). but 
not with 2:4: 6 -trinitrotoluene, 2:4: 6-trinitrophenetole. w-dinitro- 
I'cnzene, or 2 :4-dinitrotQluene. H. W. 

Azo-dorivatives of Indoxyl. J. Martinkt and 0. Dohnier 
rend,, 1920, 170, 592 - 594). — Azo-derivatives of indoxyl 



i. 336 


ABSTRACTS OF CHEMICAL PAPERS, 


may readily be prepared by adding to a mixture of ice and indoxyl 
neutralised with sulphuric acid, the requisite amount of a diazo- 
compound. In this way the authors have prepared: o-TclueneazQ. 
indoxyl, m. p. 249° (decorap.). m-Tolueneazomdoxyl, m. p. 232° 

(decomp.). 'p-Tofneneazoindoxyl, ra. 2bQ° (decomi^.y m-4~Xylen^, 

azoindoxyl, m. p. 244° (decomp.). ^jf-Cumeneoamndoxyl, m. p. 
245° (decomp.). a-Naphthaleneazoindoxyl, m. p. 202° (decomp.), 
aphtha! eneazoindoxyl, m, p. 220° (decomp.). 

All the m. p.’s given are approximate owing to decomposition, 
Benzeneazoindoxyl, when reduced in 

/\ ^ alkaline solution by sodium hyposnl- 

I I 1^'^^ v/^X aniline, ammonia, and 

h\~/ indirubin. 

N The authors discuss the structure of 

these azO' compounds, and suggest as a 
possible constitution the formula annexed as an alternative to that 
supported by Baeyer (compare A., 1884, 74) and Heumann (com- 
pare Btr., 1893, 26, 226) or the one supported by Heller (compare 
A., 1907, i, 442). W. G. 

Diazo-compounds. Thermochemical Investigations. 

W. SwiENTOSLAwSKi {Ami. Soc. d'Encour. Sci, Expt., 1917, Suppl. 
No. 7. Reprint 15 pp.). — In part a very brief resume of work 
already published (compare A., 1909, ii, 547, 864 • 1910, ii, 588, 691 • 
1911, ii, 188, 967; 1914, ii, 105, 107; 1918, ii, 32). 

Tile author has measured the heat of reaction of varying pro- 
portions of sodium hydroxide on different oximes and of excess of 
hydrochloric acid on the same oximes, and on these results bases a 
discussion of the constitution of the oximes and their relationship 
to the diazonium hydroxide^!, The heats of reaction indicate that 
o-benzald oxime is more strongly acid than jS-benzaldoxime, and in 
this respect, closely resemble.s acetaldoxirne. Accordingly, for the 
two oximes the following structures are suggested : 

Ph-n-ll Ph*C*H 

n II 

N-OH HO-N ’ 

0 -. a-. 

and from these the structures of the diazo-compounds are deduced 
as follows, the iso-form being more acid than the normal form : 

Ph-N • Ph-N 

N-OH H0‘N 

Normal. iso. 

Finally the author puts forward the hypothesis that in certain 
compounds containing nitrogen the atom (or atoms) undergo a 
deformation, the three valencies of nitrogen being displaced, and 
the atom loses one of its planes of symmetry. This deformation 
is accompanied by an increase of acidity. Thus there is: 
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g>C:NOH 

Unstable form of aldoxime. 

R-C*H 

HO‘N 

Stable form of aldoxime. 


ii-n:N‘Oh 

Normal diazoniura hydroxide. 

B-N 

HO-N 

tsoDiazonium hydroxide. 


the nitrogen atom indicated by N having undergone deformation. 

In a final chapter the author discusses the relative merits of 
Cain's and Blomstrand’s structural formulae for diazo-compounds, 
and quotes certain facts which, in his opinion, are opposed to Cain s 
formula. At the same time he considers that Blomstraiid’s formula 
does not offer an explanation of all the known properties of the 
diazo-compounds. W. G. 


Condensation Products from j?-Ammoazobenzene and 
Ketones or Aldehydes. G. Reddelisn {Ber., 1920, 53, [B], 
340—344). — Benzophenone is scarcely affected by being heated with 
j^aminoazobenzene even after addition of hydrobromic acid (com- 
pare this vol., i, 315); reaction, however, occurs readily if benzo- 
phenoneanil (A., 1913, i, 1203) is substituted for the ketone, the 
necessary condition consisting in the removal of the liberated 
aniline, which is readily effect^ by performing the operation in a 
vacuum at 180*^; the ^■^iiphe/rii/lTncthylejLeaininoazohenze.jiey 
CPh^lN'CgH^’Ng'Ph, forms coarse, orange-yellow crystals, or, less 
frequently, large, less intensely coloured plates, both varieties 
having m. p. 123^. It yields an orange-red monohydrochloride and 
a dark red dihydrochloride y both of which are rapidly decomposed 
by traces of moisture into aminoazobenzene hydrochloride and 
benzophenone. p - Fluorenylideneaminoazohenzene, long, orange- 
yellow, strongly dichroic needles, m. p. 141 — 142'^, is prepared 
similarly. 

For comparative purposes, the following condensation products 
of aldehydes and y^-aminoazobenzene have been prepared : p-cmna- 
miiluleneaminoazohenzeney CHPh’.OH’CH!N*CgH 4 *N 2 *Ph, orange- 
yellow leaflets, m. p. 137 — 138*^ (hydrochloride, orangerred, crystal- 
line powder) ; p-dimethylonunohenzylideneaminmzohenzeney 
orang^yellow crystals, m. p. 174 — 175°; di-p-dimethi/lam.inophenyU 
w.thyleneaminoazohenzene (NMe2*CgH4)oC!N*Cf;Il4*No/Ph, orange- 
red needles, m. p. 232 — 233°. The halochromio phenomena on 
solution in concentrated sulphuric acid are shown in the following 
table: 


Colour of 
substance. 

Seazylideneaminoazobenzene orange-yellow. 

OMamylideneaminoazobenzene orange-yellow. 

Kphenyltnethyleneaminoazobenzene. orange -yellow. 

fuiorenylideneaminoazobenzone orange. 

P •bimethylaminobenzylideneamino - 

azobenzene orange -yellow. 

• j) dimethylaminophenylmethylfeiie - 
i^niinoazobenzene orange. 


Colour of 
solution, 
orange-red. 
purple -red. 
orange -red, 
cinnabar -red. 

orange -yellow. 

orange. 
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It appears, therefore, that the halochromy is noticeably mci'eascd 
when the ClN-roup is conjugated with a neighbouring C-C-poa,,, 
a phenomenon which is also observed with unsaturated amis and 
ketones. Similarly, the hydrochloride is rendwed more stable by 
a : P*P-cTrmin Tnfi noii-a'nnpfli'an/.,^ 


ketones, oimijuny, uuc ^ 

the presence of the conjugated C.C-ponp. The non-appeaprice 
of halochromy in the two instances last mention^ is probably 
attributable la the smaller basicity of the aminoazobenzene residue 
as compared witli the anil residue; as a consequence salt formation 
may occur at a dimethylamiiio-grmip and therefore not cause 
halochromy. ' * 


A New Method for Preparing Esters of Amino-acids. 
Composition of Caseinogen. Frederick William Foreman 
(Biochnn. 1919, 13 , 378-397).-The outlines of the process are 
Is foriows- The amino-acids are converted into their dry lead salfe, 
which are suspended in absolute alcohol and converted into the 
ethyl esters by saturation with dry hydrogen chloride. After 
removal of the free hydrochloric acid and the alcohol, the ester 
hydrochlorides are dissolved in dry chloroform, and the free esters 
liberated by shaking the solution with anhydrous barium hydroxide, 
The chloroform is removed by evaporation under reduced pressure, 
and the esters are dissolved in anhydrous ether. Subsequently 
they are fractionally distilled in the usual manner. This proce^ 
avoids considerable loss of esters by hydrolysis, which occurs by the 
use of aqueous solutions in the usual procedure. This method ha.^ 
already yielded results of value, in that some of the deficit in the 
arnino-acid content of caseinogen has been accounted for. The 
author gives the following details of the percentage composition of 
caseinogmi, partly from the results of his own work and partly from 
other sources: Glycine, ()-45; alanine, 1’85; valine, 7-93; leucine. 
9-7; proline, 7-63; phenylalanine, 3*88; glutamic acid, ‘21*77; 
aspartic acid, 1'77; new syrups, 14*34; lysine, 7*62; histidine, 2 5; 
arginine, 3*81; tryptophan, 1*5; serine, Q-fi; tyrosine, 4*5 ; hydroxy- 
proliue, 0*23; diaminotrihydroxydodecanic acid, 0*75; ammonia. 
1*61 ; sulphur, 0*76; phosphorus, 0-85; substances of peptide nature 
obtained on hydrolysis, 3*41; total, 97‘36%. J. C. D. 


Dissociation of Oxyhaemocyanins. Ch. Dh^rb and A. 

vScHNETDETi (Covipt. rend. soc. hiol., 1919, 82 , 1038 — 1040; from 
Che 7 n. Zeritr., 1920, i, 176— 177).— Careful experiments with solu- 
tions of pure crystalline oxyheemocyanin, in some cases in the presr 
'ence of an antiseptic, show that the substances obtained from the 
snail and the lobster are readily reducible by physical dissociation. 


A Compound of the Hamocyanin of thje Snail with 
Nitric Oxide. Ch. BnkRk and A. Schneider {Compt. rend. soc. 
hiol., 1919, 82 , 1041—1043; from Chem. Zentr., 1920, i, 177).--A 
solution of the hacmocyanin forms with nitric oxide a crystalline, 
green dye, which is designated “hsemocyanin nitric oxide.” ^ 
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Liquefaction of Gelatin by Salta. T. R. Briggs and Evelyn 

C- Hibber ( J . Physical Vhcin., 1920, 24, 74— 75).— Solutions 
of 5/0 gelatin were mixed witlj 33% solutions of zinc chloride, 
potassium chloride, ammonium nitrate, potassium thiocyanate and 
jjiagnesium chloride, and with saturated solutions of potassium 
nitrate and ammonium chloride respectively, and placed in a thermo- 
stat at 19°. After thirty minutes the mixture containing potass- 
ium chloride had set to a jelly, in twenty-four hours those con- 
taining magnesium chloride and ammonium chloride had set, and 
after thirty-six hours the remainder were still liquid. After 
dialysis for twenty-four hours the whole of the solutions had set, 
and on again mixing with zinc chloride, ammonium nitrate, and 
potassium thiocyanate respectively the jellies liquefied within an 
hour. It is thus proved that the processe.s of liquefaction and 
cfelatiuisation produced hy salts are strictly reversible. J. F. S. 

presence of Invertase in the Pure Honey of Bees. Alin 

Caillas { Coithjtt . rend.f 1920, 170, 589 — 592).- — By the general 
method of preparation of enzymes by precipitation with alcohol, 
iuvertase was isolated in the form of its aqueous solution from a 
sample of honey. The honey contained approximately 0-05% of 
the enzyme, which gave all the tests for invertase, including the 
hydrolysis of sucrose. W.'g. 

A Method of Testing the Amylolytic Action o! the 
Diastase of Aspergillus Oryz£B. Selman A. Waksman 

(./. Amer, t/hein. 6oc,, 1920, 42, 293 — 299).^^ — The Liubner method 
for measuring the saccharogenic action of different enzymes on 
starch should not be used for comparative studies with different 
enzymes, since the end-products are nob the same in the various 
oases. The starch liquefying (iodine) methods, with the exception 
of that of Wohlgemuth, do nob give the "liquefaction ” of starch 
by enzymes, but measure the reduction of the starch to substances 
giving 110 longer any reaction with iodine, which is arbitrary. In 
the study of the action of enzymes on the starches present or 
embodied in textiles (process of de-sizing), the Lintner method and 
its various modifications are unsuitable, since the problem consists 
in the elimination of starch, and not in the production of sugar. A 
convenient method for measuring the starch-liquefying power 
(amyloclastic action) of enzymes consists in adding' the requisite 
amount of the latter to 10 c.c. of a 2% paste of raw potato starch, 
which is ^maintained at 40°, and observation of the time required 
tor the liquid to become clear ; the determination of the end-point 
my be facilitated by staining the starch, preferably with neutral 
red When the stage of hydrolysis corresponding with this end-point 
lyted with iodine, it is found to be identical with that at which 
y heavy blue colour is obtained, bub only a deep brown to faintly 
woet-brown colour or faint bhiish-vioUt colour, showing that all 
e starch paste has been transformed into dextrins. 

Comparing the starch-liquefying powers of malt enzymes and 
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enzymes obtained from Asp<=rgUlus orgzae (water extract med 
known commercially as polyziine), the first are foimd to give a 
higher Lintner value, whilst the second give a higher liquefying 
value The ratio of the latter to the former in the case of malt, 
preparations is 1 :4 to 1 :5, whilst in Ae c^e of AspergzU^ orgu, 
enzyme it is 1 : 1 to 1'5 : 1, so that the liquefying power of the latte, 
in wmparison to its saccharogenic power is four to six tim« as 
great as that of the malt preparations. -ti. W. 

Consecutive Action of Two Types of Emulsms on 
Amvgdalin. J. Giaj* (Compt. rend. me. biol, 1919, 82, 
j19(;_U98; from Chem. Zenir., 1920, i, 299. Compare A., 1914, 
i 1099) —If the action of emulsin of almonds^ on amygdalin is 
stopped 'by heating at a period when a poijtion of the latter 
reinains unattacked, the action can be completed by the subsequent 
addition of the digestive juice of Helix pomatm-, the same amounts 
of hydrocyanic acid and dextrose are formed as when complete 
decomposition is effected by one ferment only If the order of 
addition is reversed, that is, if the emulsin of almonds is added to 
the amymlalin solution which has been partly decomposed by Hdu 
juice and then heated, complete decomposition does not occur, 
although a certain amount of hydrocyanic acid and of dextrose is 
formed Intermediate products are formed under the mnuenw 
. of Helix juice which are not further attacked by emulsin of 
almonds. 


Bivalent Tin as Chromophore in Aromatic Stannous 
Compounds and the Preparation of Hexa-aryldistannanes. 

Ehich Khause and Retnhaud Becker (Ber., 1920, 53, [B\, 

173 190). — Alkyl compounds of bivalent tin have been described 

previously, but their isolation in the pure state has proved impos- 
sible. The authors have therefore turned their attention to the 
corresponding di-aryl compounds, which are found to he stable, 
crystalline substances. Their most remarkable properties are theii 
intense colour, which must be attributed to the unsaturated tin 
atom behaving as a chromophore, and their peculiar transformation 
into bexa-aryl distannanes analogous to the hexa-alkyl compounds 
described by Griittner (A., 1918, i, 159). 

Tin diphenyl is prepared by the addition of finely -powdered 
stannous chloride to an ethereal solution of a considerable exc^ 
of magnesium phenyl bromide; it forms a bright yellow, volumin- 
ous, amorphous powder, which has m. p. 130° (to a dark red, 
viscous liquid), after softening at 126°. Dilute solutions of the sub- 
stance in benzene are intense yellow to reddish-yellow, and become 
cloudy and gradually decolorised on exposure to air. The benzene 
solution become dark red, and gives a yellow precipitate on expo- 
sure to sunlight. Dry tin diphenyl is rapidly decolorised on 
exposure to light and air, but it may be pr^rved unchanged foj 
months in an atmosphere of nitrogen. The freshly prepared 
material appears to have a normal molecular weight in benzene 
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soluiiou, but polymerisation soon begins, so that, after a few days, 
the molecular weight has increased fivefold. In chloroform solu- 
tion tia diphenyl rapidly absorbs the calculated quantity of bromine 
jod yields tin diphenyl dibromide, which, for purposes of identifi- 
cation, was converted by potassium fluoride into the more readily 
purified tin diphenyl difluo-ride, colourless, four-sided rods m p 
above 360°. 

Jle:mphenyldUtaimane is prepared by the treatment of stannous 
chloride with a large excess of magnesium phenyl bromide at lOO'^, 
by the action of sodium on tin triphenyl chloride, or by reduction 
of the latter with sodium and alcohol , it crystallises in colourless, 
rectangular plates, m, p. 237*^ (corr.) (from benzene in colourless, 
hilling rhombohedra -|- l-5C\;Hg), and is completely stable towards 
air. It has a normal molecular weight in benzene solution. It 
immediately reduces silver solutions to metallic silver, even at 
It is converted by bromine in chloroform solution at -30“ 
into tin triphenyl bromide. 

'Ah di-p-tolyl is an orange-yellow, amorphous powder, m. p, 
111-5“, after softening at 109“. It is less readily oxidised by air 
than is tin diphenyl, which, however, it closely resembles in under- 
going polymerisation when preserved. Possibly by reason of steric 
hindrance, tin di-p-tolyl unlike the phenyl derivatives, is not con- 
verted into hexa-7?-tolyldistannane when heated with an excess of 
magnesium phenyl bromide at 100°; at a higher temperature a 
coiiiplicatecT decomposition occurs, tin tetra'/^tolyl being formed 
together with many other substances. 

Tin tet^a-/^t■olyl (compare Pfeiffer, A., 1910, i, 724) is converted 
into the monobromide in pyridine solution, and this is transformed 
into the hydroxide; the latter is purified and transformed by the 
requisite halogen acid into tin- tn-p-iolyl chloride, coarse, rhombic 
plates, m. p. 97'5“, tui Pn-p-tolyl hrom^,e, colourless rhombohedra, 
Til. p. 9S‘.5“, and tin tri-ip-tolyl iodide, colourless, rhombic plates, 
m. p. 120*5°. Tin tri-^-tolyl fluoride, slender, interwoven needles, 
m, p. 305°, and Un triphenyl fluoride, colourless, minute prisms, 
m, p, 3o7°. after dai'kening at 345°, are also described. The latter 
substance is of interest, since it is so sparingly soluble in cold 
akohol, ether, or water that the chloride can be used for the quan- 
titative precipitation of fluorides. Tf em-p-iolyldhtannane , colour- 
less. rhombic platelets, ra. p. 145° (corr.). is prepared by the reduc^ 
tion of tin tri-p-tolyl bromide with sodium and alcohol. 

Tu] ietra-m-tdyl forms colourless needles, in. p, 128*5°. 

The following o-tolyl derivatives were prepared from the product 
obtained by the action of stannic chloride on the quantity of mag- 
sesium o-tolyl bromide calculated for the formation of tin tetra- 
'j-tclyl (instead of a considerable excess, as recommended by Krause 
and Schmitz, this vol., i, 198) ; the crude material was purified by 
conversion into the hydroxide, which was subsequently converted 
'nto fin friro-toJyl chloride, colourless, pointed prisms, m. p. 99'5°, 
fri-o-tolyl hromide, compact, rhombic plates, m. p, 99 '5°, and 
frio-fohfl iodide, hard, rhombic crystals, m. p, 119'5°. 

'"Or,. cxviTi. i. ^ 
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Tm di--^-xylyl, m. p. 157^, after softening at 155°, closely 
resembles the corresponding di-p-tolyl compound, but is consider- 
ably more stable towards air, so that it may be preserved exposed 
to air for some considerable time without undergoing change. The 
following p-xylyl derivatives are obtained in the usual manner: 
tin Utra-^-xylyl, colourless, microscopic, four-sided rods or cubes, 
m. p. 278° (corr.); tin tri-^-xylyl chloridty colourless, compact 
crystals, m. p. 141-5° (corr.); tin iri-^-xylyl hromidey large, six- 
sided crystals, m. p. 151° (corr.) ; tin tri-^-xylyl iodide^ large, six- 
sided plates, m. p. 159 5° (corr.)j tin tri-'^^xylyl fuoride, slender, 
microscopic needles, m. p. 247° (corr.); hexa-p-xylyldisiannant 
(from tin tri-p-xylyl bromide and sodium), colourless, rhombu 
plates, ra. p. 196° (corr.). 

Tin tetra-m^xylyl forms long, rhombic needles, m. p. 224° (corr.'}; 
it is isolated with greater difficulty than are its isomerides owiao 
to its greater solubility. The tin tri m-xylyl haloids do not crystal 
lise with the exception of the flvori/Ic, slender, interwoven needles 
m. p. 209° (corr.). 

Tin (Jira-fixiphthyl resembles the corresponding xylyl compounc 
in preparation and properties, but is even less sensitive to air ; it ha: 
m. p. 200° after softening at 196°. H. W. 


Physiological Chemistry. 


The Action of Certain Precipitates on the Solution ol 
Red Globules, Arthur Vernes and Roger Rouris {Compt. rend.^ 
1920, 170, 528—529). — The property, which the serum of pig’s 
blood possesses, of dissolving the red globules from sheep s blood, 
can be destroyed by dissolving in the serum a precipitate formed 
from ferric thiocyanate and human serum. W. 0. 

The Physiological Action of Calcium. R. Hober (Pfliigen 
Archiv, 1917, 166, 531 — 608; from Physiol. Ahstr., 1917, 2, 523). 

- -The effect of Ca (ions) in diminishing hjemolysis by narcotics is 
shared by the ions Sr, Ba, and Mg. Mn and Co are more efficacious _ 
than the above, and Ni more efficacious than any of the others. 
When, however, haemolysis is produced by hypotonic solution? of 
sodium chloride, Ca is the most and Ni the least efficacious. When 
haemolysis is produced by saponin, the relative inhibitory effect of 
the ions in question differs with the blood of different animals. In 
preventing (or diminishing) the toxic action of potassium on 
skeletal muscle, the ions work in the following order: Ca>Sr> 
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jIg>Co>Ba>Mn>Ni>Zn, that is, their value correeponds with 
in diminishing haemolysis by hypotonic solutions. In preveut- 
^or diminishing) the toxic action of narcotics on muscle, the ion 
ggries reads : Ni^Co, Mn, Ba>>Sr, Ca. Further, in preventing (or 
[Jiminishing) the fibrillar contractions evoked by solutions of sodium 
chloride, the series becomes; Ni, Co>Mn>Ca, Mg>Sr>Ba. The 
eSect of potassium on the demarcation current of muscle is in- 
hibited not merely by Ca, but also by Sr, Ba, Co, Mn, and Ni ions, 
but not by Mg. Complex cobalt and diromium ions act like Ca 
fhen they are bi- or ter-valent, but not when they axe univalent. 
Cu, UO 2 , and Cd cannot replace calcium at all; Zn, Ni, and Ce ions 
can only do so partly. J, C, D, 

Theory of Odour, Haks Hillke {Biot. ZenL^ 1919, 39, 
364—370; from Ghem, Zmtr., 1920, i, 139).— Chemical and 
physiological considerations lead the author to consider Teudt’s 
theory (A., 1913, i, 607) untenable. H. W. 

Polonium Radiation and Recovery of Function. H. 

ZwAABDEMAXEE (Proc. K. Akod. Wetensch, Amsterdam, 1920, 22, 
383—385). — The effect of a- or iS-rays in restoring cardiac action 
(A., 1917, i, 241) appears to be due to the direct action of the 
rays, rather than to thrir influence in determining the liberation 
of potassium ions from the cardiac muscle. Thus the beating of a 
frog s heart, which had ceased, owing to removal of potassium ions 
from the circulating liquid, was restored when the organ was 
exposed to jS-rays from polonium, but ceased again when potassium 
ions were supplied in addition, owing to the opposing effects of 
fl- and jS-rays (A., 1918, i, 326). It revived, however, when either 
the polonium or the potassium ions were removed. J. K. 

Permeability of the Glomerular Membrane to Stereo* 
isomeric Sugars , H. J. Hambuegek {Froc. K, Akad. Wetensch, 
imterdam, 1920, 22, 351 — 359). — Previous investigations (A., 
1919, i, 187) gave results which led the author to suspect that the 
retention of dextrose by the glomerular membrane was in some 
manner connected with the configuration of the sugar molecule. 

The hypothesis that the group causes retention cannot 

be true, for i-arabinose and i-mannose pass through the kidney, 
whilst d-galactose, i-xylose, and t^-rib(»e are partly retained. Of 
all the sugars examined (hexoses and pentoses) only dextrose is 
oompletely retained by the glomerular membrane. J. C. D. 

^ The Partial Permeability of the Glomerular Membrane 
w d-Galactose and some other Multi-rotatory Sugars. 

5. J. Hambueger (Proc. K. Akad. Wetensch. Amsterdam, 1920, 
22, 360 — 373).- — The multi-rotatory sugars can be dividi into 
wee groups according to their behaviour in the kidney. The first 
group conrista of those sugars of which both modifications are 
retained by the glomerular membrane. Of this class only one 
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. .• is known. The second group (d-galactose, 

representative, are partly diffusible through fts 

d- and Z-xyl(»e, a J]„ only one modification is retained, 

renal glomerulus, an pp y y ^ijoations of which pass 
The third class "i, ^-inannoee, d- and f-arabi, 

the glomerulus, such ar^^g™ > ^ retention or 

la the case of the ^ pitions which the E and 

OH asym™-‘"<^ ^-atom occupy relatively ta each 

other. 

The AcUve Principles of 

Ward I^dley (/. J*"”* , * , Ixtaaiited with Edified witer, 

The drirf and powder^ ^ p.^ipTtation with colloidal fer,,; 
and the P , by continuous extraction with bn%l 

hydroxide. /™” 7o crystalline fractions may be 

alcohol ^ otrong ohvsiological activity. The extract 

contains all the jnating substances. The view ex 

S wlSl'and Kubota (A., 1919, i, 506) that histamine., 
WrUtal with the uterine stimulant of the pituitary gland is not 
Considerable differences m the properties^ of these 

substances were observed. 

Influence of Temperature on Naroo^ of Mnscle 

Nerve. R. HObkr (Ppyer's Archiv, 1919, 174, 418 ; 

nf •!; jLr 1919 4 184 ).— The depression of irritability of 
P/,ys,ol. b L action of various nar- 

muscle and of conductivity in nerve 

notica is increased by warmth and diminished by cold, iHe etteco 
rf p^toium chloride, cocaine, and novocaine on muscular irn^a^ 
hility are independent of temperature. The dependence of the 
partition coefficients of indifferent narcotics on temperature has no 
apparent relationship to their narcotic powers J • L. u. 

Carcmolvtio Organic Acids. Erkst Fekcnd and G. Kami™ 

(Fieri. WocK 1919- 32, 1105; from CAem. 
i 135 — 136).— Normal serum and normal tissue contain y 

i-id compound which is able to destroy cancerous ^lls an^to 

be regarded as the protective substance of normal cells; R is 
the ‘‘normal acid” by the authors. Cancerous serum “d to 
show a lack of normal acid, and contain m its pto an 
ated fatty add compound which behaves as a prot^ 
to the cancerous cell; to this the name raremomm 
At least ten times as much normal as 

for neutralisation. Since the preparation of considerable a OT 
of normal acid is a matter of difficulty (5 litres of serum yield U 
gram of acid), the authors have attempted to replace 
that can he synthesised. Under similar “Jiditions oxalic a 
malonio acids are inactive, succinic acid is active, g • 
and pimelio acids are inactive, suberic acid is again acta , 
aselaio and sebadc adds have no action. These resulte and 
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other experiments lead to the conclusion that the methylene 
aroup has a distinct influence on carcinolytic activity. Actually, 
lecan^ttK-dicarboxylic add has the power of destroying cancerous 
jglls. The minimal concentrations for succinic, suberic, and decane- 
jK-dicarboxylic acids are about 0-05%, 0*01%, and 0-005% respec- 
tively; ^ parallelism thus appears to exist between increase in 
ictivity and number of C^H^-groups. In connexion with cardnomic 
icid, the protective action of sterically different fatty adds towards 
cancerous cells has been examined. Among isomeric adds, only 
those substances have a protective effect in which two carboxyl 
croups must be assumed to be in close proximity to one another 
and to a carbon atom. H. W. 

Significance of Potassium in the Organism. H. Zwaaede- 

jtASSR {Pfiuger’s Archvv, 1918, 173, 28—77; from Physiol. Abstr., 
4,80). — A summary and extension of previous work (see A., 1917, 
i, 241; 1918, i, 326, ii, 182) on the replacement of potassium by 
equiradio-quantities of other elements. Irradiation from without 
can replace the addition of other radio-active elements to nutritive 
fluids, and it is immaterial which rays are used for this, except 
that they cannot be used together effectively, as they are then 
biologically antagonistic, The equilibrium necessary for proper 
activity is altered by eosin and by caldum, and in the opposite 
direction, by fluorescein, and in summer it is immaterial whether 
the radio-active element which replace® potassium be present in 
ionic form or as a colloid complex. A frog’s heart under the influ- 
ence of uranium is incapable of giving extra systoles in response to 
electrical exdtation. J. C. D. 

Genesis of Thiocyanic Acid in Animals. VIII, Serafino 
Dezani (Arch. farm. sper. sci. aff., 1919, 27, 148—160. Compare 
A., 1919, i, 506). — With man and the dog, just as with the rabbit, 
ingestion of cauliflower is followed by more or less intense eliminar 
tioa of thiocyanic add in the urine. The thiocyanogenetic sub- 
stance of the cauliflower is found also in the white and green 
forms of Brassica oleracea L. var. capitata. This substance appears 
to belong to the group of so-called extractive substances, as it is 
neither a protein nor an amino-acid precipitable by phospho- 
tungstic acid, nor a thiocarbimide, nor an organic sulphide. The 
extractive substances of flesh contain no thiocyanogenetic sub- 
stances. T. H. P. 

The Important R61e of Preluciferin. Raphael Dubois 
[litp. pharm., 1919, [3], 30, 289—291. Compare A., 1897, 
it, 112; Harvey, A., 1917, i, 365; 1919, i, 299; this vol., i, 202, 
203).— The author objects to the terms photogenin and photo- 
pJidein for lucif erase and luciferin. Lucif erase is the enzyme and 
Nferin the substrate concerned in biochemical oxidations with the 
F«luction of light; both are thermolabile. The luciferin is used 
|“P ri the reaction which produces light ; but a further supply may 

n* 2 



346 


abstracts of chemical papees. 


be made by the a^tiM^^anotter 

fenn, which is *f™ , ,, j^cif erase and ooluciferase be kept at 

If a solution containing coagulum is removed from the 

66» the luciferase IS ^th a boiled solution 

solution by filtration, the produced. On addition of 

which contains prelucifenn | ^ this solution to take 

a small crystal of bidf erase Hght appears at once, since the 

the place of the Photophelein 

coluciferase has made lu niechanical, physical, and ohemi. 

„Ay be used as a genenc n^^te ’^he reaction between 

oal agents which f avour, are agitation in the presence 

luciferase and lucifenn. water heat, compounds with sn 

of oxygen, dilution ,^”“iJ;"'^;bonate, alkaloids, amines), 
alkaline reaction ^ no action on solutions in which 

ethyl ether, «*<=■ i uoI dLlose a trace of luciferin. 
potassium permangan Chemical Abstracts. 

XII Tho Actioii of AcId aiid o! Light 
Bioluminescenc . - ’ Oxyluciferin. E. Neivtos 

in the , ^oon 2 207 213. Compare this vol, 

fXloS -TheSii of add to a boUed extract of cypridina 
1 , JUaJ, ^ of a substance (lucifenn), which 

; sf “ ™s «», .L v. l 

^ irof b^teria yeast, muscle cells, etc., on oxy uoifenn muat 

esceuce is advanced. 

Behaviour of Benzoylpropionic Acid, Phenyle^yl 
AlcoLl, and Phenoxyacetic 

and Doe. H. Thierfelder and E. ^^hempp i 

1917 167, 280—288 ; from Phi/sM- Ahstr., 1917, 2, > 

firsbnamed keto-acid is reduced te a ^ f th^^^ 

'Z-form is largely excreted as such; a portion of it 
changed. The inform is reduced to phenylbutync 
L partly, by ^-oxidation, converted into phenyl^tic * 
unites with glutamine. A small mount of the e ^ ^ 

add is probably excreted m umon with glyane. E^eny 
alcohol is oxidised to P^ei^ylacetic add Phen^^tal ^ jd 
subcutaneously is excreted as pbenacetunc | ^ sijca 

add is not a metabolic product. Most of it is recover ^ ^ ^ 
in the urine. 

Pharmacological Action of Ketooineole. 

(Ga^zeua, 1919, 49, ii, 228 - 232 ). -Similar chemi^ ^a" 

Lwn by camphor and ketocineole, whiA differ 

tare only as regards the nature of the bridge uniting the tem , 
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„d quaternary carbon atoms. In their physiological eSects how- 
ever, these two compounds exhibit differences. The psychomotor 
excitation produced m man and other mammifers by camphor 
jppears only m embryo on administration of ketocineole, and is 
nostly masked by symptoms in which depression of cerebral 
activity m prominent. The differences are more distinct in the 
^ of the frog; here the initial curaric action of camphor which 
prevente the development of the convulsions observed in warm- 
blooded animals, is not produced by ketocineole. T H P 


U^uence of Temperature and Concentration on the 
Toxicityof Solutions, particularly of Electrolytes. 0 Hart 

"r 1918. 170, 585-645; from Phydd. Ahtr. 

1918, d, 57d)^n an extensive aeries of experiments on Bosmina 
Imftrmhm aF.M., a member of the Cladocera, the effect on the 
duration or life at ton different concentrations of Tarious adds 
iaorgamc sate organic sate, and alcohols was studied at tempera^ 
tores of 0 , 13 ,18 , and Toxicity curves for the various 
concentrations and temperatures are figured. The toxicity concen- 
tration curve resembles more or less closely the adsorption isotherm 
of the various substances. The specific toxicity of the substances 
mmneim responsible for the form and the specific course of the 
mm. The osmotic pressure, however, tends to shorten life in the 
kieher concentrations of the mildlv toxic substances, and deter- 
mines the acute bend above a certain critical concentration in the 
Mse of these curves. The diminishing toxicity of the anion and 
nnivatent cation senes shows a close correspondence with the known 
The toxicity of the individual substances diminishes on 
dilution m varying d^rees; those with similar or identical toxicity 
mncentration quotients show little change in their relative posi- 
tion whereas those with widely different quotients exhibit the 
Rifatet chanee in their relative toxicity on dilution, A similar 
omnia for the temperature-toxicity curve is given, but its un- 
rastworthiness is indicated by the variety of constants yielded at 
diferent ten^eratures. The relation of the absolute val4 of tem- 

a ve^r searching analysis. The very high values often observed at 
te maximum and minimum temperatures are due to complicated 
mologieal change in the living system, which are raTdly »i^ 
ran. differert”^? temperatures m question. Owing 'to the 

temperature-toxicity 

Sr tmLf t changes in toxicity occur at 

J subsUnces with similar temperature-toxicity 

Crl fre The f al^r their relation on changes of 

tats differonf^? ?! toxicity-concentration curve is some- 

'Wiiallv def^rmi temperatures, as higher temperatures 

*9 different absorption formula constants will apparently 

Ufarent at different temperatures. The value of the tempera 
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ture-coefficient is also apparently influenced by the concentration 
of the experimental fluid. A general formula, including concen- 
tration, temperature, and duration of life, was constructed frofjj 
the individual formulse; its accuracy, however, is only approxj. 
jnate, and varies greatly for the various substances. J. C. D 


Chemistry of Vegetable Physiology and Agriculture 


Butylene Glycol Fermentation of Sugar by Bacillus 
anthracis. M.Lemoigne [Compt. rend, soc. 1919, 82, 984^98^. 
from Chem. Zentr., 1919, hi, 1018. Compare this voh, i, 122),^ 
Fermentation of sugar by three different varieties of S. anthfam 
gave distillates containing a small amount of a reducing agent which 
yielded di acetyl osazone with phenylhydrazine, and is therefore 
regarded as acetylmethylcarbinol ; jSy-bulyleiie glycol could not be 
detected. The phenomena are thus analogous to those observeil 
with the B. suhtilis group; whilst, however, in the latter case the 
3v-biitylen6 glycol collects in the cultures, it is immediately trans- 
formed by B. anthrnm into lactic acid, and cannot be detected 
even as a transitory phase. The author is led to the conclusion 
that lactic acid and butylene glycol are intermediate products cf 
the same process of fermentation which follows a different course 
with B. anthram and B. suhtUis. H. W. 

Cycloclastic Power of Bacteria. I. A Quantitative Aerobic 
Decompoaition of Histidine by Bacteria. Harold Raistrick 
{Biochem, J 1919, 13, 446 — 458), — The bacterial decomposition 
of histidine was followed by studying the fate of the nitrogen 
groups. B. paratyphoms A, B. paratypho^us B, B. faecalis Mi- 
genu, and B. pyocymeu,^ can produce ammonia from both the 
amino-group of the side-chain and from the iminazole nucleus of 
the nistidine molecule. With B, protem vulga/ris ammonia is 
formed only from the side-chain nitrogen, and it appears probable 
that this organism cannot break down the ring structure. 

J. C. D. 

Respiratory Process of Nitrifying Bacteria. TIL The 
Respiration of the Nitrite Organisms and the Influence of 
Substances. 0. Mryerhok Archh 1917. 

166, 240^280; from Physiol. /IJstr,, 1917, 2, 207).— The material 
used was obtained from a pure culture of Niiro 9 ;(>monm, and Wino- 
gradsky s solution was employed as a culture medium. 

Under favourable conditions cultures were obtained which in 
wenty-four hours could oxidise 4 grams of ammonium sulphate 
per litre to nitrite. The rate of respiration depends on the conceti- 
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ration of the ammonium salt, the optimum being at a concentra* 
ion of iir / 200 -NH^, whilst it is zero in a concentration of N 
fte accumulation of the nitrite ion retards respiration, and growth 
stops when the concentration of this ion reaches 0*25i\^. With 
increasing partial pressure of oxygen there is decreasing respirar 
from about one- third atmospheric pressure downwards. The 
g.ion concentration strongly influences the respiration rate- the 
optimum is in a concentration of P^=8-4 to 8‘8; outside the limits 
and no respiration takes place. 

The rate of respiration is very sensitive to alkali and alkaline- 
earth salts, and the heavy metals are very toxic, Kespiration and 
growth respond differently towards nitrogen -free organic substances. 
Dextrose retards growth in O’OOlM-solntion, but respiration is 
not retarded in 0'2if. Methyl alcohol is more toxic than ethyl 
alcohol. J. C. D. 

The Free Energy of Biological Processes. George A. 
Linha-BT (./. Gen. Physiol., 1920, 2, 247— 251).— From considera- 
tions of energy exchange it is concluded that only about 1% of the 
total available energy is utilised in the fixation of nitrogen by 
Uotohacter, growing in a O' 1 molar solution of mannitol. 

J. C. D. 

Nitrogen Metabolism in Saccharomyces cerevisiae. 

Leslie Herbert Tn^MPirr (Biochem. J., 1919, 13, 459 — 486). — 
Excess of yeast ensures the removal of the greatest total amount 
of nitrogen. During active fermentation, the greater the coefficient 
of multiplication, the greater the amount of nitrogen assimilated 
bv each cell. Active reproduction may result in a lowering of the 
nitrogen coefficient, but the final coefficient is independent of the 
initial value, tending to reach a constant value for any particular 
conditions of reproduction. The action of yeast on asparagine may 
result in the production of malic acid, the ammonium salt of 
which is readily fermented, with the production of ethyl alcohol. 
Propionic acid and its ammonium salt are nob fermented (compare 
Effront, A., 1908, i, 491; 1909, ii, 255), Fermentative activity is 
e?aential to nitrogen assimilation, but. once induced, the deamina- 
tion may continue after zymatic activity ceases. During fermenta- 
tion. yea,st loses nitrogen to the medium. This process, which has 
been termed /'nitrogen excretion,'’ is dependent on the life of the 
cell, and takes place even when nitrogen is being assimilated. The 
substances which are excreted can be used as a source of nitrogen 
by the yeast under suitable conditions. Increase in the amount 
cf sugar available increases the rate of excretion, but there is no 
proportion between zymatic activity and such excretion. 

J, C. D. 

Influence ol Substances Extracted from Yeast on the 
fermentation of Carbohydrates by Yeast. Fmil Abder- 
Jialden [Fermentforxch., 1919, 3, 44 — 70; from Chem. Zentr., 
i, 16. Compare Abderhalden and Schaiimann, A., 1919, 

108). — The influence of yeast extract is proved in a series Qf 
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experimente in wKich equal amounts of yeast are allowed to act qq 
equal weiglits of carboliydrate, and fresh, amount® of the latter are 
added as soon as the evolution of carbon dioxide markedly slackens 
until further addition does not cause renewed fermentation; ia 
these circumstances, much more sugar is fermented in the presence 
of alcoholic yeast extract than is otherwise the case. Simul- 
taneously, the rate of fermentation is greatly increased, generally 
to a considerably greater extent than by fruotosediphosphoric acid. 
The yeast cells also increase more rapidly, but the greater activity 
which is thus indicated is not sufficient to account entirely for the 
action of the yeast extract, since the activating effect is also 
observed when expressed juice or dry yeast is used. H. W. 

Observations on Yeast (mainly Munich Brewery Presi 
Yeast). T. Bokorny (PMger's ArchiVy 1916, 164, 203—273; 
from Phydol. Ah^ir.y 1916, 1, 453). — ^In keeping with the fact 
that sucrose is more readily fermented than dextrose, the previous 
treatment of yeast with antiseptics destroyed its capacity to fer- 
ment the latter, but not the former sugar or maltose. Glycerol 
may be included among the adequate sources of carbon for the 
growth of yeast. When added to a nutrient medium containing 
sugar, ammonium sulphate, and salts, an increase of 30 to 42% 
in the dried weight was observed at the end of three days, aa 
compared with 9% in the control culture. The substitution of 
peptone or amino-acids for the ammonium salt gave similar results. 
Although the capacity of furnishing the aldehyde atom'Complex is 
probably the determining factor in the utilisation of carbon, form- 
aldehyde and other aldehydes were not assimilated by the yeast 
cell. 

Peptone is an excellent source of nitrogen, and its addition to 
a medium containing sugar and salts resulted in an increase of 
163% in the dried weight after the lapse of three days; glycine 
was the least satisfactory of the aminoacids examined, and yielded 
an increase of only 19%. 

Although large quantities of fat have been found in involuting 
yeast, no appreciable increase in the fat content occurred even 
when yeast was cultivated in the most favourable medium (peptone 
and sugar solution). 

The study of certain injurious factors showed that yeast was 
not destroyed by freezing or by drying at the ordinary tempera- 
ture for eight days ; prolonged drying killed the yeast, but did not 
destroy the zymase. Neutral salts in saturated solution usuallv 
prevented fennentation within a few days. The injurious effects 
of a number of organic and inorganic acids, both on the cell and 
on zymase activity, are recorded. J. C. B. 

The Chemistry of Alcoholic Fermentation. Krnst Zbbnkb 
{Ber,, 1920, 63, [B], 325— 334).— The author gives an account of 
the manufacture of glycerol by the Connstedn-Ltid^ke process (A., 
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1919, 463) during the war in Austria-Hungary, wliicli ia also of 

interest, since some of the conclusions are at variance with those 
arrived at by Neuberg and Reinfurth (this vol., i, 125). The 
jjiost importMt results are as follows. Equivalent amounts of 
glycerol and acetaldehyde are produced in the process; in addition, 
alcohol and carbon dioxide are formed, and these are the only 
substances obtained in appreciable amount. Increase in the 
amount of sodium sulphite increases the yield of glycerol and 
acetaldehyde, but more than 38% of glycerol cannot be obtained, 
godium sulphite may be replaced by sodium hyposulphite. Failure 
to produce glycerol in quantitative amount by sufficientlv increas- 
ing the relative proportion of sulphite has been attributed bv 
Keuberg to dissociation of the aldehyde-bisulphite compound ; this 
conclusion appears to be unfounded, since with moderate additipns 
of sulphite the equivalent amount of glycerol is almost obtained, 
whilst with very large additions (which should have the effect of 
supuressin?^ dissociation of the aldehy do-bisulphite compounds the 
yield of glvcerol sinks to about two- thirds of that theoretically 
possible. The effect seems rather to be attributable to the fact 
that action between aldehyde and bisulphite is nob an instantaneous 
process, and that a certain amount of opportunity is thus offered 
for further degradation of the aldehyde and glycerol to alcohol and 
carbon dioxide. 

At first sight, it seems reasonable to suppose that pyruvic acid 
is an intermediate stage in the fermentative conversion of sugar 
into aldehyde and glycerol, and Neuberg has shown that the acid 
can actually be fermented in the presence of sulphite. In these 
experiments, he has only used one-eighth to one-fourth the equi- 
valent amount of the sulphite; the use of larger proportions, how- 
ever, shows that the bisulphite compound of pyruvic acid is not 
fennentable. and that neither pyruvic nor glvceric acid can con- 
stitute the intermediate stage in the production of aldehyde by 
alcoholic fermentation. 

When sugar is fermented in the presence of sodium thiosulphate, 
sulphur is soon precipitated, hydroc^en sulphide is evolved, and. 
after a time, fermentation ceases: the yield of glvcerol. reckoned 
on the sugar actually fermented, is very considerable. When the 
experiments are repeated with the addition of sodium sulphite or 
sodium hydrogen carbonate, reaction proceeds as if the thiosulphate 
were not present. It appears, therefore, that an acid is produced 
during fermentation which fiecomposes the thiosulphate according 
to the equation Na«,SoO,,-f HX=NaTTS05-f-NaX'f 8. The sulphur 
18 converted into hydrogen sulphide by the reducing action of the 
yeast, whilst the sodium hydrogen sulphite combines with the 
aldehyde, and thus provides the possibility of a good yield of 
glycerol. Fermentation is stopped owing to the production of 
oi^ganio sulphur derivatives, which poison the yeast. In the 
presence of sulphite or carbonate, the acid is neutralised by these, 
and the thiosulphate remains nndecomposed. Generally, it mav 
w stated that glycerol and aldehyde are intermediate products of 
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alcoholic fermentation which are simultaneously formed, and, in 
normal circumstances, simultaneously disappear; as a preliminary 
phase, an acid must he formed, which, however, is not identical 
with pyruvic acid. 

During normal fermentation (without sulphite), the maximum 
amount of aldehyde appears to be present in the middle period of 
action. H. W. 

The Regulator System; Primary Phosphate-Bicarbon- 
ate-Free Carbonic Acid, in place of the System ; Primary 
Phosphate-Secondary Phosphate. W. Wi^DiacH and W. 

Diethtch {Woch. Brail., 1920, 37, 81 — 83). — The lowering of 
surface tension of aqueous solutions of eucupine dihydrochloride, 
which results from the liberation of the free base by alkalis (com- 
pare Traube, A., 1915, ii, 571), has been used as a means of 
investigating the equilibrium in the reaction K 5 HPO 4 + CO, = 
KH^PO^ + KHCO.^ in dilute aqueous solutions. It is concluded 
that in presence of excess of carbon dioxide the reaction proceeds 
practically to completion from left to right. In living and breath- 
ing tissues, therefore, and in fermenting liquids, phosphates mnst 
be present entirely as primary salts in equilibrium with potassium 
hydrogen carbonate and carbon dioxide. Only when respiration 
or fermentation has ceased and there is no longer an excess of 
carbon dioxide can di potassium phosphate exist in equilibrium 
with the monopotassium salt. J. H. L. 

Mechanism 0 ! the Formation of Oxalic Acid by Asper- 
gfillus niger. • Harold Ratstrick and Anne Barbara Clark 
[Biorhem. J., 1919, 13, 329 — 344). — Good yields of oxalic acid 
were obtained when A per (fill vs mper was grown in the presence of 
the four-carbon dibasic acids, this being especially true in the case 
of succinic, fumaric, and malic acids. Very little oxalic acid was 
produced from sodium maleate, a result which is in agreement with 
Buchner’s observation that A . niper can utilise fumaric acid, but 
not maleic acid, as a source of carbon. 

When the four-carbon monobasic acids were examined, there was 
very little growth of the mould and no production of oxalic acid. 

Unexpected results were obtained in the case of the three- carhen 
acids. In almost all cases there was good growth of the organism, 
but practically no production of oxalic acid. Of the two-carhou 
acids, acetic acid behaved differently from glycollic and glvoxylic 
acids in giving rise to a considerable production of oxalic acid. 

Growth of A. mcfer was good in media containing formic acid, 
but no production of oxalic acid was apparent. A consideration 
of these results leads the authors to conclude that the breakdown 
of the sugar molecule by A . viper does not t.ake place by a primary 
splitting of one molecule of sugar into two molecules of a three- 
carbon acid. Neither can it occur as a gradual breakdown of the 
rno mile carbon bv carbon, for this would not give rise to the large 
yiedg of oxalic acid unless the micrp-organisjn can synthesise tW? 
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^id from one-carbon compounds, and the authors present evidence 
that this does not occur. The decomposition probably takes place 
in two stages, and may be illustrated by the following scheme : 
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The evidence in support of these changes is discussed. J, C. D. 


Colloidal Chemistry of Cell Division. Josef Spek 
[Kdl. Chem. Beihefte, 1920, 12, 1 — 91). — A number of experi- 
ments on the effect of salts of lithium, potassium, magnesium, and 
calcium on the cell division of FaramGedwii cav<^atum, P. aurelia, 
and Stylonichia mytilus are described. It is shown that salts can 
either delay or accelerate the cell division by changing the swell- 
ing conditions of the colloidal plasma, or they can binder the 
division by accumulating in the inside of the cells. Salts which 
have a very strong influence on the swelling of colloids are also 
capable of effecting a marked change in the velocity of cell division. 
Salts which have two ions, each possessing a strong swelling action, 
accelerate the rate of cell division to a marked extent. Such salts 
as lithium bromide, lithium chloride, and potassium thiocyanate 
possess this property to a marked degree. That these salts 
accelerate the plasma swelling of the Farammcia is seen by the 
increase in volume of the organisms. Salts which reduce the 
swelling, such as calcium chloride and the sulphates, retard the 
cell division to a marked extent. The sulphates increase in their 
retarding action in the order Li>K>Na. In the case of lithium 
sulphate, it is possible that the accelerating influence of the cation 
may outweigh the retarding influence of the anion. In the case 
of the chlorides, the influence of the cations follows the order 
Li>Na>0a, which is the same as the order in which they produce 
swelling. Potassium chloride, which accelerates the swelling of 
Parammcia more strongly than sodium chloride, has a much less 
^ect than lithium chloride and potassium thiocyanate, and some- 
times it retards the cell division. This is explained by the greater 
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ease with which this salt passes inside the cells, or, in other words, 
it is due to a too large increase in salt content of cells in media 
containing potassium chloride. Sodium chloride has much less 
power of penetrating the cell wall. The very powerful action of 
lithium chloride and potassium thiocyanate is due to their coa^. 
lating influence on the surface of the cell body without affecting 
the interior of the cell. In the case of magnesium salts, both the 
chloride and the sulphate have a very indifferent action, which is 
due to a slight penetration of the salt. No single experiment 
points to cell division being effected by the withdrawal of water, 
that is, cell division is not an osmotic phenomenon. The addition 
of a substance, capable of swelling, to the culture medium, for 
example, gelatin, retards the cell division. Different species of 
Faramoecia behave differently towards salts. The difference is 
attributed to varying permeability of the cells and a dissimilar 
swelling capacity of the plasma. The experimental results lead to 
the following hypothesis. The swelling of the plasma colloids, 
before the cell division, is brought about by the appearance 
of a base, which is a by-product in the synthesis of the 
nuclein. The increased permeability during the cell division is 
accompanied by an increase in the salt content of the cell which 
compensates the action of the base. An increase in the salt con- 
centration above a given quantity stops the cell division. The 
formation of substances possessing good swelling properties in the 
cell occasions new cell division. The swelling of the colloids pro- 
motes the gas exchange and the hydrolytic processes in the cell 
Every cell division leads more or less completely automatically to 
further cell divisions. J. F, S. 

The Glycerophosphatase of Seeds. Antoinb Nemec 
Soc. chim., 1920, [iv], 27, 153 — 158). — The author has recently 
shown (this voL, i, 268) that glycerophosphatase is very widespread 
in plant cells and in the tissues of un germinated seeds. It is now 
shown that this enzyme acts best in an acid medium, the optimum 
action being obtained with an acidity of approximately 0'06T, 
The velocity of the action which the enzyme produces indicates 
that it is a bimolecular action. W. G. 

The Assimilation Problem. Gertrud Woker (Pfliigefs 
Archm, 1919, 176, 11^38 j from Chem. Zen.tr., 1920, i, 90).- 
Carbon dioxide is a very inert substance, and, in its ordinary form, 
is only very slightly attacked by reducing agents. If reaction is 
to occur, it is necessary for it to suffer change in its molecular 
structure. “'Th^s probably occurs by isomerisation, with the form- 
ation either of a primary peroxide, or of a secondary per- 
oxide, which, by addition of water, yields 

is found that bicarbonate and carbonates at the moment of their 
production or disappearance are more reactive than the ordinary 
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salts. A yellow coloration is produced when a mixture of 
potassium and sodium hydrogen carbonates and the corresponding 
normal carbonates in the presence of methyl alcohol is exposed to 
intense sunlight ; the solution reduces Fehling’s solution, but the 
presence of sugar could not be established. The corresponding 
(^bonates and hydrogen carbonates alone do not behave in a 
similar manner. According to the author, assimilation is made up 
of a reduction phase and a subsequent combination phase. Assum- 
ing the occurrence of isomerisation and the formation of a 

secondary peroxide, 3. compound is formed which 

tends to elimmate oxygen, and thereby to yield the group 
>CH’OH, whi^ is predisposed towards condensation. ‘^Assum- 
ing the formation and immediate further utilisation of the un- 
saturated radicle >CH*OH (which is tautomeric with form- 
aldehyde), a number of difficulties inherent to Baeyer’s form- 
aldehyde hypothesis are circumvented without losing the advantage 
of the latter. ’ The formation of formaldehyde or its desmotrope 
from methyl alcohol and carbon dioxide can, in the presence of 
excess of the latter, lead to the production of dihydroxyacetone, 
which may be of importance for the synthesis of sugars, and, by 
reduction, for the formation of glycerol. Reductions with methyl 
alcohol are of considerable interest, since the latter is widely dis- 
tributed in nature and chlorophyll is an ester of methyl alcohol. 
The author shows, further, how following substances may arise 
by the union of >CH*OH groups in the “ condensation-phase ” : 
dextrose, laevulose, inositol, the 7-pyroue ring, furfuraldehyde, 
pyrogallol, quinol, etc. The same group can also react with 
ammonia, possibly derived from formhydroxamic add, to yield the 
alkaloids of the pyrrolidine or piperidine series. The rSle of 
chlorophyll ^ in assimilation is discussed, the author assuming 
that it sensitises the isomerisation of the carbon dioxide and acta 
as a catalyst in the condensation phase; an intermediate union of 
the >,CH-OH group with the magnesium atom of the chlorophyll 
appears most probable, and explains the formation of optically 
active substances from initially inactive material, since union occurs 
with an asymmetric substance, namely, the chlorophyll dye. 

H. W. 

New Theory of Carbon Dioxide Assimilation. P. R. 

Kogel (Zsitsch, ^s. Photochem., 1920 , 19, 215 — 223 ). — A theory 
of the assimilation of carbon dioxide by plants is put forward. 
The action of light is to polymerise the carbon dioxide, which with 
hydrogen then forms tetrahydroxyethylene, which passes over into 
the keto-form, thus : 
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This compound, contains the characteristic sugar groupino 
H 

HO-C-0. The formation of the plant acids, formic and oxalic is 

easily deduced from diketoethyl dioxide. In the case of foriuic 
acid, it is a simple splitting of the molecule, 
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whilst in the case of oxalic acid the removal of two hydrogen atoms 
is necessary. 
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If, instead of two molecules of carbon dioxide, three undergo photo- 
polymerisation, then glyceraldehyde is produced, 
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and the glyceraldehyde combines with B, with the loss of three 
oxygen atoms, to form dextrose. 
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The formation of inositol on this hypothesis is 
follows : 
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Dodecahydroxy cyclohexane. Inasitol. 

J. F. S. 
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•fli© Abso^tion of Calciuxn by the Roots of Plants and 
its Antitoxic Properties with respect to Copper. L. 

^quenne and E. Demoussy {Compt. rend., 1920, 170 , 420—425. 
Compare A., 1917, i, 530).— Caldum, even in excess, does not pre- 
vent the absolution of copper by the roots of plants or its diffusion 
into their aerial organs. Similarly, copper does not prevent the 
assimilation of calcium. The poisonous effect of copper is not due, 
therefore, to its depriving the young plant of one of its essential 
uutrients. The antitoxic action of calcium with respect to copper is 
physiological, and not due to it« preventing the penetration of the 
metal. The explanation probably lies in the fact that the caldum 
favours the evolution of the plant, giving it greater vigour, and in 
particular giving it greater volume, into which the copper diffuses, 
thus preventing, within certain limits, all dangerous accumulation 
of this latter metal. (j. 

Some Factors ASecting the Concentration of Electrolytes 
in the Leaf Sap of Syringa vulgaris. T. G, Mason {Sci. 
Pm. Roy. Dubl. Soc., 1919, 15 , 651 — 666. Compare Dixon and 
Atkina, A., 1916, i, 108). — The determination of the concentration 
of electrolytes of the cell by means of conductivity observations is 
unsatisfactory unless allowance is made for the viscosity of the 
sap, and to this extent Chandler’s results (compare Musoufi 
A^rk. Exp. Stai. Res., 1914, BuU. No. 14) are incorrect. The 
application of the linear viscosity correction as a means of ascer- 
taining the quantity of electrolytes in the sap is liable to be mis- 
leading, and recourse must be had to ascertaining the loss in con- 
ductivity which takes place in some salts, such as potassium 
chloride, after solution in the sap. 

Considerable fluctuations in the concentrations of electrolytes in 
the leaf sap of Syringa vulgaris trees growing in different localities 
have been found. There appears to be a general tendency for the 
concentration of electrolytes to vary inversely with that of the 
non-electrolytes. It is suggested that these fluctuations are 
associated with the rate of carbon assimilation, which determines 
the rate at which electrolytes are removed from solution in meta- 
bolism. It is shown that the concentration of salts in the ascend- 
ing sap is not responsible for these fluctuations, W. G. 

Fat-soluble Vitamine. IV. The Fat-soluble Vitamine 
Content of Green Plant Tissues, together with some 
Observations on their Water-soluble Vitamine Content. 

H, Steenbock and E. G. Gross [with co-operation of Mariana 
T. Sell] (/ . Biol, Chem., 1920, 41 , 149 — 162. Compare this vol., 

I , 274).— Five % of clover or lucerne as the sole source of fabsoluble 
accessory factor in. the diet of a rat will permit normal growth and 
rsproduction, L^tuce, spinach, and chard contain the accessory 
factor in amounts of the same order, but, of these, lettuce appears 

be the poorest. In harmony with the theory that fabsoluble A 
IS associated with certain yellow plant pigments is the fact that 
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cabbage does not oontain much of the accessory factor (^oc. cif.). 
Fifteen % of lucerne, clover, and cabbage supplied sufficient water- 
soluble B for growth of young rats. J- C. D. 

Fat Boluble Vitamine. V. Thermostability of the Fat* 
soluble Vitamine in Plant Materials. H. Stbkkbock and 
P. W. Bout WELL [with oo-operation of Mariana T. Sell and E, G, 
Gross] { J . Biol . Chcriv.^ 1920, 41 , 163 — 171). — ^The fat-soluble 
vitamine in yellow maize is apparently unafiected by heating 
three hours under 7 kilos, pressure. Neither does this treatment 
cause appreciable destruction of the factor as found present in 
chard, carrots, sweet potatoes, or squash. 

No deleterious action of the ensiling process on the fat-soluble 
accessory factor was detected. The experiments indicate that the 
accessory substance, as it occurs in grains, leaf and stem tissue, 
fleshy roots, and curcubitous vegetables, is comparatively thermo- 
stable. J* C. D. 

The Ability of Plants to Form Optical Antipodes. Kmtr 
Hess and Wilhelm Weltzien (5er., 1920, 53, [5], 119—129).-- 
See this vol., i, 328. 

* Occurrence of Chlorogenic Acid in AraUacese a&d 
Goner's Reaction. A. W. van der Haar {Pharm. Weekblad., 
1920, 57, 194 — 195). — Leaves of ordinary ivy {Ktdtro. helix) and 
of various members of the Araliac&oe were t^ted for the presence 
of chlorogenic acid by the method given by Gorter (A., 1909, 
i, 588). Ivy leaves alone gave a faint positive reaction; the others 
gave no reaction. The Araliaceae examined were of European 
growth ; those which Gorter found to contain chlorogenic acid were 
obtained from the East Indies (A., 1909, i, 935), W. S. M. 

Origin and Transformation of Inulin in Artichoke 
Tubers. H. Colin {Bull. Assoc. Chim. Sucr.y 1919, 37, 
121 — 126). — The leaves of the artichoke {HeUmthv^ tuheroms) are 
free from inulin at all st^es of growth. They contain sugars and 
starch, and are as rich in starch as the leaves of the potato plant. 
Formation of inulin takes place in the stem, throughout its whole 
length, and is completed in the tubers. The inulin must be pro- 
duced chiefly from dextrorotatory carbohydrates supplied by the 
leaves. There is practically no difference between young and 
mature tubers in respect of the nature df the carbohydrates pre- 
sent. The rotatory power of the juice of the tubers undergoes no 
appreciable change between August and November, but afterwards 
approaches zero, and finally becomes positive, owing to the con- 
version of inulin into Isevosans of lower molecular weight and the 
formation of sucrose. When the new plant begins to develop, the 
inulin passes into the stem chiefly in the form o^reducing sugars. 

J. H. L. 

Patty Acids of Earthnut Oil. A. Heiduschka and S. Felsbb 
{Zeitsch. Nahr. Genussm.. 1919, 38 , 241— 265).— The fatty acids 
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obtained from a specimen of earthnnt oil had the following com- 
position : arachidic acid 2*4%, lignoceric acid 1-9%, stearic acid 
i palmitic acid 4*0%, oleic acid 79-9%, and iiuolic acid 7’4%. 
Tjie oleic acid probably included a small quantity of hypogseic 

«i<i. w. P. s, 

Cyanogenesis in Sudan Grass : a Modification of the 
prancis -Connell Method of Estimating Hydrocyanic Acid, 

pu'L Menaul and C. T. Dowell (/. Agric. 1920, 18, 

447—450). — A determination was made of the amount of hydro- 
cyanic acid in Sudan grass in freshly -cut samples at intervals of a 
week during the season. The amount obtained was found to be 
0’0105% in the fresh plant, only a third of that contained in the 
(Train sorghums. The amount was determined by finely dividing 
the sjrass and leaving it with water at 40° for two honrs. After 
this it was made strongly acid with tartaric acid, and distilled into 
30 c.c. of 2% sodium hydroxide. The cyanide was precipitated as 
Prussian-blue, which was burned in a muffle furnace and weighed. 

The colorimetric method of Francis and Connell for the estim- 
ation of hydrocyanic acid (A., 1913, i, 1284) was investigated and 
improved, as follows. The distillate containing the hydrocyanic 
add is evaporated with 1 c.c. of concentrated yellow ammonium 
sulphide at 70'°. The residue is heated at 130°. dissolved in 10 c.c. 
of warm wai.er acidifies! with hydrochloric acid, and calcium 
rhloride solution added drop by drop until the sulphide (“eases to 
fonn; then 10% ferric chloride solution is added until the red 
colour is permanent. The solution is then filtered, and 5 c.c. of 
ferric chloride solution added to the filtrate. The heating at 
130° is found to prevent co'lloidal sulphur going into solution, 
and the addition of the second quantity of ferric chloride 
produces the maximum intensity of colour. No change in this 
intensity is produced by the addition of electrolytes. A standard 
solution was prepared from a standard solution of potassium 
cyanide in a similar manner, and the two solutions were compared 
in a Bock-Benedict colorimeter. J. H. J. 

Hydrocyanic Acid Content of Phaseolus lunatua. H. 

li'HRiG (Chem. Zeit., 1920, 44 , 166 — 167). — Beans of the 
Phaseoluff frmatm species were found to yield small quantities of 
hydrocyanic acid when steeped for several hours in water, then 
macerated, acidified with tartaric acid, and steam distilled. The 
distillate was collected in dilute silver nitrate solution, and since 
sulphur compounds also distilled, it was found necessary to dissolve 
the silver cyanide in ammonia, separate the silver sulphide by 
filtration, and reprecipitate the silver cyanide by the addition of 
nitric acid. The silver cyanide was then collected, ignited, and the 
i^sidue of metallic silver weighed. Nine samples of the beans 
^^amined yielded *from 5'1 to 23'4 mg, of hydrocyanic acid per 
loo grams of beans. The beans did not produce any poisoiious 
®fiect when eaten in large quantity, provided that they had been 
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properly steeped in water, washed, and boiled for three hours 
Treatment with emulsin during the steeping operation did uo^ 
increase the amount of hydrocyanic acid yield^ to any appreciable 
extent. W, p. g 

Constituents of the Seeds of Pharbitis nil chois 

Y. Asahina and S. X. Terajja (J. Fharm, Soc. Japa/n^ 1919, 453 ' 
821). — From the seed of Pharbitis nil chois (P. hederacea choi^ 
P. triloba, Miq., Ipomea trilaba, Xh.) (the Chinese drug ‘'Chleu- 
niu-tzu ''}, the authors have isolated 3’44% of the resin glucoside 
pharbitin, m. p. about l4o— 155°, darkening at 134°, [a]‘J _43-53c 
(acetyl derivative, ni. p. 115—120°, softening at llQo 
[-/.i;,' - 18-87°), which yields by hydrolysis (1) a fatty acid which 
is volatile with steam (possibly a valeric acid with some tisjlic 
acid), (2) the iion-volatile nilic acid [banuiii salt, 

21120), 

and (3) pharbilic acid, m. p. 150-162°, [a])' -47-61° (Kroviier, 
A,. 1897, ii, 68 , gives 711. p. 156 -162° and -46-62°). Tlj^ 
hvdrulvsis of pharbitic acid by 5% sulphuric acid yields dextrose 
a ueiito.se (o.sa7.one, m. p. 172°; possibly inethylpentose), and au 
acid ideiiticai with ipurolic acid obtained by Power and Rocrersou 
from I piuncd'* pur lairm (A., 1908, ii, 725). 

Chemical Abs-i-uacts. 

Chemical Constituents* of Malt Germs, especially Hor- 
denine. 5'o.shitaka [[.‘.shitaxt (/, Tokyo Cdiem. Soc., 1919, 40, 
617- 667). -The air-dried germs contain water 10‘21, ash 3'02, 
crude protein 21'49, pure protein 13-32, crude fat 3-19, crude fibre 
18-40, soluiile lion-nitrogenous substances 43-69, reducing sugar 
(calculated as dextrose) 3'65, non-reducing sugar 1-02, pentosan 
18-42, methylpeutosan 1'05, and cellulose 12-04%. The cel) wall 
is shown by microchemical examination to contain mainly celhi- 
iose, which, after hydrolysis with 3% sulphuric acid, responded 
with tests for xylose, dextrose, iseyulose, and galactose. The dried 
malt, germ contains 4-65% of nitrogen. Of the total nitrogen, 
6'67% corresponds with water-soluble protein nitrogen, 56-77% with 
pure protein nitrogen, 20' 22% with amino-acid nitrogen, 23-01“o 
with diamino- acid, purine base, and other nitrogen. The air- 
dried material contains 0-11 of asparagine and 0*13% of hordenine. 
The suljihate of the latter forms colourless needles, m, p. 
209--2ll°; the hydrochloride has m, p. 176-o — 177-5° the hydro- 
bromide m. p. 173 --174°, the hydrogen tartrate m, p. 170 — 171°, 
the normal tartrate m, p. 180 — 181°, the hydriodide m. p. 
227—228°, and the methiodide m. p. 179 — 180°. Beiizoyl- 
hordenine, m. p. 47--48°, forms a hydrohroinide, m, p. 171 — 172°, 
and a sulphate, m. p. 270 — 271°. 

Alcoholic fermentation is accelerated by the addition of 0*005fo, 
but is stopped completely by 1‘28%. of hordenine,, 

Chemical Abstracts. 
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The Optics of Disperse Systems. IV. I, Lifschitz and 
(Jjobg Beck {KoUoid ZtiUch.^ 1920, 26, 58—66. Compare A., 
1918, iij 253; tMs vol., ii, 137). — The chemical processes occur- 
png 'during change in the colloidal state and their effect on the 
(^aBge hi the light absorption is theoretically considered. An 
attempt is made to nse the published work on the refractpmetric 
measurements of colloids to explain the role of the change in the 
colloidal state in the change in light absorption. The density, 
refractive index, molecular and specific refractivities for the C, 
jmd F li’ies have been measured for solutions of twenty organic 
acids and their sodium salts in methyl alcohol at 25°. It is shown 
that the increase in refraction from acfid to sodium salt is different 
iE the different cases, but with acids which form salts accompanied 
by a rearrangement or by exercising subsidiary vadencies there is 
an extraordinarily large change. The increase in refraction in salt 
formation is independent of simultaneous peptisation or colloid 
formation, and an abnormally large increase in the refraction 
cannot be explained by a change in the dispersity. It is also 
^hown that a very large percentage of cases of vario-chromism and 
polychromism are to be explained by intramolecular action of 
subsidiary valencies, and that chromoisomerism is to be similarly 
sxplained. J. F. S. 

Influence of Position and Accumulation of Substituents 
on Spectrochemical Behaviour. V. Alkyloxyacetic Acids. 

A. Karvonen [Acad. Sci. Fennicae, 1916, [ A ], 10, No. 8, 1 — 7; 
from Chem. Zentr., 1919, iii, 987. Compare this vol., n, 129), — 
The alkyloxyacetic acids exhibit optical values slightly lower than 
that of acetic acid itself, II. W. 

Influence of Position and Accumulation of Substituents 
on Spectrochemical Behaviour. VI. Esters of Keto- 
alcohols, COMe [CH,]„ O CO Me. A. Karvonen (Acad. Sci. 
Ftmicae, 1916, [A], 10, No. 8, 1 — 1; from Chem, Zentr. j 1919, 
iii, 987), — Further investigation with fresh materials shows that 
the optical values increase somewhat with increase in the relative 
distance between the carbonyl group and that of oxygen con- 
nected to two carbon atoms in the cases of ^ters of the lower 
aikyloxy-aliphatic acids and keto-alcohols. H. W. 

Influence of Position and Accumulation of Substituents 
on Spectrochemical Behaviour. VII. Ether -Alcohols, 
RO‘[CH 2 ]n*OH. A. Karvonen (Acad. Sci Fennicae, 1916, [A], 
lO, No. 9, 1 — 8; from Chem. Zentr., 1919, iii, 981).— Spectro- 
diemical investigation of the monomethyl, ethyl, and propyl ethers 

VOL. cxvm. ii. 7 
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of ethylene glyoel and of the monomethyl and e%l ^ers of tti- 
methyLne glycol shows these compounds to be closely^«Ute<l 

optically- 

Trinnence of Position and Accumulation of Substituents 

on Spectrocbem^cal Behavio^. VIIL Mut^ Spec^^^ 

7entr 1919 id, 981 ).— Investigation of e%lene and trimethyleiie 
glycols showrf that two hydroxyl groups in direct union with Me 
Sev cause marked exaltation, which is progressively dimmish^ 
Cthe successive introduction of methylene groups between the 
hydroxyls. Certain atoms or atomic groups dir^tly united with one 

aLther cause optical ^ t ' 

-Se-t- ^Se-), whilst others bring about depre^ion 

a third section being neutral or nearly M (HjN — OH). This 
action cannot readily be ascribed to suppleonenta^ valencies and 
not invariably to the existence of double bonds between the atoms. 


Effect of an Electric Field on the [Spectrum] Lines o! 
Areon and Oxygen. E. Bottcher and F. Tdczek {Ann. Physik, 
1920 [ivl, 61, 107— 112).— The efiecfc of an electnc field of 
26 000 V I cm on the spectrum lines of argon, and on both the spark 
and arc lines of oxygen, has been investigated. In the case of argon, 
the lines are absolutely unaffected by the field; the same rteult 
was obtained with the spark lines of oxygen. Of the arc hiies 
the 3—7 members of the I subsidiary triplet series showed a dis- 
placement towards the red which increased with increasing memter 
number. The four lines U 4846, 4743, 4634, and 4559 are observed 
in the spectrum under the influence of the field, and have not 
before been observed. They are displaced toward the violet. The 
intensity increases with increasing wave-length, and the senes 
ceases with the most intensive member without any indication of a 
further less intensive member. The ^y-components are considerably 
more intensive than the s-components. With increasing streugt 
of field the intensity of the lines with longer wave-lengths increa^ 
more rapidly than that of those with shorter wave-lengths. The 
lines are regarded as belonging to a sharp subsidiary series of the 
I triplet subsidiary series. J* “* 

Spectro-analytical Investigation of the Luminosity of 
Decomposing Ozone* Karl Stuchtey {Zeitsch. wiss. Photochcm., 
1920, 19, 161— 197),— The spectrum of the luminosity of an 
oxygen-nitrogen mixture in an ozoniser has been photographed 
and shown to be made up of the second positive group of the 
nitrogen spectrum, the emission spectrum of the T-oxide of nitro 
gen (Warburg and Leithauser, A., 1906, ii, 743; 1907, ii, 342; 
1909, ii, 226, 227), and the visible emission spectrum of ozone. The 
emission spectra agree absolutely with the well-known absorption 
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spectra. On heating ozone at 400° in a specially constructed oven 
j strong luminosity is observed. The light shows both the visible 
juid the ultra-violet spectra of ozone. A mixture of nitrogen and 
ozonised oxygen heat^ in the same furnace shows, in addition to 
the emission spectrum of ozone, also the emission spectrum of the 
p. oxide of nitrogen. An explanation of the mechanism of the 
luminosity is given, and it is shown that the luminosity does not 
depend on presence of oxidisable substances. J. F, S 

A Heliiim Series in the Extreme Ultra-violet. Theodore 
Lyman {Naturt, 1919, 104, 314; Science, 1919, 50, 481--483).— By 
using a powerful disruptive discharge in helium a fairly strong 
line, in addition to those previously reported for the helium spec- 
trum, was found to appear at wave-length 1640-2, and a fainter 
line at about 12151. Experimental evidence is thus afforded for 
the existence of the lines 16401 and 1214-9 as calculated from 
theoretical considerations. Chemical Abstracts. 

Some New Spark Spectra in the Extreme Ultra-violet. 

UoN Bloch and Eugene Bloch (Compt. rend., 1920, 170, 
320—322). — Using the spectrograph with a fluorspar prism, previ- 
ously described {ibid., 226), the authors have studied the spectra 
from a condensed spark between metallic electrodes in hydrogen 
in the case of four metals. Cadmium gave a spark spectrum extend^ 
mg to A.=1500, and the rays have been measured down to \=1600. 
Bismuth gave a spectrum to \ = 1500, the rays being measured to 
1=1550. The spark spectrum of nickel is very rich in rays in the 
extreme ultra-violet, these being measured to A = 1540. Down to 
\=1650 there is a great similarity between the arc and spark 
spectra. For mlver the rays were measured down to A =1496. 
Nickel gave a doublet, A = 1550’7 and 1548'2, and silver gave a 
doublet, A = 1551-3 and 1548*7. W. G. 

Line Spectra of Cadmium and Zinc in the Electrodeless 
Ring Discharge. A. Hagknbach and H. Schumacher {Zeitsch, 
Km. Photochenn., 1919, 19, 129 — 142). — The spectra of zinc and 
cadmium produced from an electrodeless discharge have been 
measured and compared with the arc and spark spectra of these 
elements. It is shown that the spectrum coincides neither with 
the arc spectrum nor with the line spectrum in either case, but 
contains lines of both spark and arc spectra as well as a number 
of new lines. The intensity of the various lines is also very 
diSerent from that of the lines in the arc and spark spectra. In 
the case of cadmium, lines are measured from A 6467*4 to 2183-1, 
And forty-four new lines lying between A 5511-0 and 2436-25 are 
^rded both in the international system and in Rowland's system, 
la the case of zinc, the lines measured lie between A 6362-58 and 
2252*87 and thirteen new lines lying between A 3186-24 and 2246*88 
are recorded. It is also shown that under suitable conditions a 
hand spectrum can also be obtained. J. F. S. 

7—2 
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UanA SoBctrum ol Zinc from the Electrodeless Ring 
oKrge A. Hagbsbach and H. Schumacher 
" , iQiq IQ 142—148. Compare preceding ab- 

bands are recorded. 

pi.*« , iiw. 19- '*9 t1®'i!'‘'“! ir ’C 

and measured. The wave lengtns g 

O^of with 4 — and 220 volts 

was used. The values are compared with those of Kaysw 
Runge. 

Theory of Absorption Spectra. I. Lifsch.tz (Sc W 

Chem. zlt., 1918, 2, 58; from ™Lrt 

reply to Kauffmann’a criticisms (A., 1917, i. 391) ot the autnors 

views (A., 1917, ii, 435). 

The Chromophore Function. V. Optical ProperUes of 
Bome Heavy Metal Complexes. I' 

Rosenbohm (Zeitsch. wus. PhotocUm., 1920, 19, 198 214 W 

pare A 1917 ii, 62, 435).— The absorption spepa of the heavy 
TeTal complexes consist in general of at three hands pjA 

lie between A 6000 and A 2000 A. units. Of these, that with the 
longest wavivlength depends mainly on the nature of the cenW 
atom tL next band Spends on the nature of the 
groups it the central atom is the same. The band with shortet 
waVedength is not so completely investigated, because in many 
TsL t fies so far in the ntea-violet as to he nnm^iirap with 
Se apparatus employed. All the work on the subject tends to 
show that this band^is displaced more toward the longer wave 
lengths in the presence of bivalent co-ordinated groups a^ 
the presence of univalent groups. 

Calculation ofahe Frequency Limits of J 

and L of the Heavy Elements. Louis de Broglie (Con‘?‘- 
rend., 1920, 170, 585-587).-For 
bismuth, thorium, and uranium examined, 

results for the frequency limits of absorption, K and L, ^ 

much more nearly in agreement with the mean of the observe 
results than those calculated by Bohr’s formula. vv. u. 

Absorption Coefficients of Solutions for Monochromatm 
Radiation. E. 0. Hulburt ana J. F. HuicHiiraoN (C J 
Imt. Pul., 1918, 260, 6-69) .-The ahso-rption-coefSaent ol s 
tious of inorganic salts in water and in different alcohols 
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measured at intervals of 20 to 40 fifi throughout the spectrum 
region from 600 p/x to 1300 ju/i. For each salt a series of solutions 
varying in concentration from saturation to moderate dilution was 
prepared, and the absorption curve drawn for each solution. The 
molecular absorption* coefficient, A, of the salt was calculated for 
each wave-length and plotted against c, the concentration of the 
salt in gram -molecules. Solutions of cobalt chloride in water, ethyl, 
propyl, e’sobubyl, and fsoamyl alcohols were examined by the photo- 
graphic method; the values of A changed with the concentration, 
and the absorption curves for the higher alcohols were similar to 
those for ethyl alcohol. The following solutions were also examined : 
cobalt nitrate and sulphate, nickel chloride (anhydrous and the 
hexahydrate), nitrate and sulphate in methyl, ethyl, and propyl 
alcohols; ammonium ferric alum in water; chromic chloride, 
nitrate, and sulphate; and potassium permanganate. The relation 
between A and c has been determined from the data thus obtained, 
In general,. A is not constant. Sometimes it decreases with dilu- 
tion, in other cases increases with dilution, and also passes through 
a minimum ; a maximum was not obtained. The deviations of A 
from a constant value were usually small, except at certain points 
in the spectrum, which in general were situated at the edges of 
absorption bands. 

No theory adequately explains the observations. 

Chemical Abstracts. 

Colour Antagonism or Chemical and Electrical Polarity 
of the Spectrum. Gabriele Rabel {Zeitsch. wiss. Pkotochem., 
1919 , 19, 69 — ^128). — The long-wave half of the spectrum from the 
yellowish -green to the infrarred is termed positive light, whilst the 
short -wave half from bluish-green to ultra-violet is termed negative 
light, It is shown that phosphorescent light is produced by nega- 
tive light and extinguished hy positive light. Phosphorescent 
substances and certain classes of organic substances change their 
colour when subjected to negative light, but in positive light regain 
the original colour. Silver salts are reduced by negative light, but 
are oxidised by positive light. Certain biological and chemical 
reactions occur in the reverse direction in negative light from that 
in positive light. Electrodes which are sensitive to light undergo 
opposite potential changes in negative light from those in positive 
light. The retina of the eye belongs to the light sensitive elec- 
trodes. The movements of lower organisms are influenced in oppo- 
site ways hy positive and negative light. In high-tension discharge 
in hydrogen, in the red hydrogen layers, the maximum potential lies 
in the luminous layer, the minimum in the dark space between the 
layers, whilst with the blue hydrogen layers the maximum is in the 
nark space and the minimum in the luminous layer. In the 

uish-r^ double layers the dark space shows neither maximum 
positive to the blue layer and negative to the 
^ layer. If a plate covered with sodium chloride is brought into 
a nminous layer discharge, reduction (that is, formation of a blue 
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coloration) occurs in tho luminons layer in the blue discharge and 
in the dark space in the red discharge. • • . 

Fluorescence and Absorption of the Uranyl S^phates 

E. L. Nichols and H. L. Howes {Fhyncal Sev., 1919 [2], I 4 , 

293—305') The fluorescence spectrum of the uranyl sulphates con- 

gists of eight equidistant bands, the first and eighth of whicl, 
disappear It the temperatnre of liquid air. The remaining hands 
are resolved into groups of narrow Ime-like bands, the homologons 
members of which form scries having constant fr^uency intervals, 
ranging from 857 in UO,,SO„Ca,SO„2R,0 to 83-0 in 

° UO,SO„K,S04,2H20. 

The fluorescence groups ar^ distinguished by a strong p^r of bands 
about eight frequency units apart bands some 

of which are doublets. There is a shift of all bands towards the 
violet with increasing molecular weights, of about fift^m frequencv 
units 'in passing from the spectrum of uranyl sulphate to that of 
the cesium double salt. The absorption spectra of the sulphates 
are made up of series of bands having a frequency interval of ^0 3 
on an avera^^e. These absorption series extend into group 7 of the 
fluorescence without break of interval. There are many revenak 
where fluorescence and absorption overlap. The reversing region is, 
therefore, one group further towards the red than m most spectra 
of the uranyl compounds. Chemical Abstracts. 


Fluorescence and Absorption of the Uranyl Acetates. 

E L. Nichols, H. L. Howes, and Frances G-. Wick {Physical 
1919, [ 2 ], 14 , 201 — 221 ).— The paper deals with the fluores- 
cence and 'absorption spectra of the two known forms of uranyl 
ace.tate and of thirteen double uranyl acetates as they appear when 
excited at the temperature of liquid air. The essential identity 
of the spectra of the double acetates of lithium, potassium, calcium, 
manganese, and strontium, both as regards the location of the 
pHncipal bands and the structure of the fluorescence groups, is 
esUblished and the deviations from this type occurring in the 
spectra of the uranyl acetates containing barium, ammonium, 
rubidium, sodium, magnesium, zinc, silver, and lead are considered. 
The approximate identity of frequency intervals for all series and 
for all salts is likewise established, the interval being 84’ 76. 

Chemical Abstracts. 


Quanten Theory Basis of Photochemistry. E. Warborq 
(Zeitsch. Elehtrochem., 1920, 26 , 54— 59).— A theoretical paper 
in which it is shown that every photochemical reaction is characto- 
ised by the specific photochemical action that is, by the numbei 
of gram cals, of heat absorbed per mol. The fundamental 
photochemical reaction is, that energy of frequency v is absorbc^ 
in quanta by the reacting molecules. The molecules which ahsor 
the light radiation are termed '' photochemical reserved mo® 
oulea,” and from the law stated, the number of these may be caJcu 
lated- Valency radiation i§ the radiatipp which in the reservi^^ 
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of 1 mol. of tie photolyt© is absorbed by it. Tbe indicated pboto- 
chemical equivalent (p) is the number of mok which, are reserved 
in the absorption of 1 gram-cal. The eSective photochemical equi- 
valent is the number of inols, which are decomposed or changed by 
the absorption of 1 gram-cal. It is equal to the specific photo- 
chemical action ^ when this is calculated on the number of decom- 
posed or changed molecules, {^/p is the efficiency relationship. 
Einstein’s photochemical equivalent law says that every absorbing 
or reserved molecule is by the act of absorption decomposed or 
changed, and when the secondary processes are known it determines 
the efficiency relationship for which values ^ 1 are obtained. The 
law is rigidly held in isolated cases only, because in general the 
reserved molecules, or at least a part of them, do not undergo 
primary change for the following reasons: (1) the valency radia- 
tion is smaller than the molecular decomposition energy; (2) energy 
is lost during the absorption of the radiation; and (3) the chemi- 
cal change only takes place as a secondary process as in the case 
of photolytic isomerisation. J, p, g. 

Photochemical Studies. VIII. Periodic Light Reactions. 

Job. Plotnikow {Zeitsch. wiss. Photochem., 1919, 19 , 22—39). 
—The action of chlorine on a-cyanocinnamic acid in carhon 
tetrachloride solution under the influence of light of wave- 
length \ — 436 ju/a has been investigated at 17'^, It is shown 
that there is no formation of a chlorine additive compound, and 
that the nitrile concentration has no influence on the reaction, 
blit chlorine is used up linearly with time, and its use is due 
to a hitherto unknown reaction between carbon tetrachloride 
and chlorine. The reaction between carbon tetrachloride and 
chlorine was therefore investigated. It is shown that the absorp- 
tion of chlorine is linear both with blue light \=436/iju and ultra- 
violet light \ = 366;qji. Using the whole of the light from a uviol 
lamp, a periodic change in the concentration of the chlorine is 
observed. Further experiments show that in light, pure carbon 
tetrachloride yields free chlorine. The reaction is discussed, and 
the possibility of periodic light reactions shown. Two types of such 
reactions are indicated : (1) Periodic light reactions are a neces- 
sary consequence of the stationary condition of photochemical pro- 
cesses, and must occur periodically so long as light of various wave- 
lengths acts, (2) Periodic light reactions are the result of the 
combination of different opposing reactions, which are brought 
mto existence by light of different wave-lengths, and are influenced 
hy different catalysts, and consequently tend to an equilibrium 
condition. j_ 

Photochemical Studies. VII, Equilibria in Photo- 
chemical Addition of Bromine. Jon. Plotnikow (Zeitsch. 
rhotochem,^ 1919, 19 , 1 — 21). — Reactions of the type 
CRiR2:CR3R4 -f. Br2,--CRiR2Br-CR3R*Br 
are reversible, and are of such a nature that the equilibrium posi- 
tion, in the dark as well as in the light, depends on the temperature, 
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concentration, nature of the solvent, intensity of light, and the 
nature of the radicles Ri, R^, RS and R«. The reaction between 
bromine and a’-cyanocinnamic acid in light has been investigated: 
CHPh:C(CN)‘C 02 H + Br 2 ^ CHPhBr*CBr{CN)*C 02 H. The reac. 
tions were carried out in carbon tetrachloride solution, using light 
of wave-length \=436/i/i at 1^, It is shown that bromine does 
not react as Brg, but as 2Br, and the reaction taking place is pro- 
portional to the square of the absorbed light energy.^ The displace- 
ment of the equilibrium is proportional to the light intensity. The 
equilibrium formula for the reaction has the form 

Q = J(\ 

where y is the equilibrium constant of the dibromide, p the thick- 
ness of the layer of solution, a the initial concentration of the 
nitrile, h the initial concentration of the bromine, i the normal 
light absorption constant of bromine (for A — 436 it is 0’2156 per 
milliraol. concentration), and J the light intensity. The tempera- 
ture-coefficient of the dark reaction of the dibromide decomposition 
is determined from tbe corresponding equilibrium displacement and 
found to be 2-14. It is suggested that the extreme ultra-violet 
rays have the opposite action to the long wave^ on this reaction, 


Spectral Photoelectric Sensitivity of Silver Sulphide and 
several other Substances. W. W. rom.ETfTz and H. Kohlur 
(Ml. Bur. Standards, 1919, 15, 231—249; Sd. Paper^ 1919. 
No. 344).— Data are given of the change in the electrical 
resistance of the sulphides of silver and bismuth when exposed 
to radiations from O'G y. in the visible spectrum to 3 /i in the 
infra-red. Galena, cvlindrite, pyrites, and jamesonite did not 
show photoelectric sensitivity for the highest spectral radiation 
intensities available. The sulphides of silver and bismuth are sensi- 
tive from 0-6,u to VS p. The photoelectric response for siWer 
sulphide becomes fatigued at the ordinary temperature. The 
change in resistance of the crystal when exposed to radiation is 
first negative and then positive, the resultant change being nega- 
tive and approximately one-fifth of the original change. At 
-158*^ this polarisation phenomenon disappears, and the response 
to radiation is the same as that of other substances, such as 
selenium or molybdenite. The sensitivity is greatlv increased 
when the temperature is lowered to —158°. The sensitivity corve 
is quite symmetrical, and shows a maximum at 1‘2 ji. An increape 
in the intensity of the exciting radiation shifts the maximiun 
towards the long wave-lengths. 

A spectral photoelectric sensitivity curve of bismuthinite was 
obtained at -166°, maxima occurring at 0’64,« and 1 '08 jit. 

Chemical Abstuacts. 


Photo-oxidation of Or^nic Compounds by Chromates. 
JoH. Plotnikow {Zeituch. ims. Photochew,., 1919, 19, 40—56).— 
The photo- oxidation of ethyl alcohol of various concentrations by 
ammonium chromate and ammonium dichromate in light of wave- 
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l^gtb. A -436^/1 has been studied at 20®. It is abown that the 
velocity constant may be calculated by means of a linear e<iuation, 
^3 that it is proportional to the concentration of the alcohol, 
iacrease in the salt concentration causes the reaction velocity to 
approach a maximum. The absorption constants of the salt 
solutions have been measured, and are found to be a function 
of the alcohol concentration and show a maximum. The dichromate 
follows Beer's Law, but the chromate does not. The absorption 
changes brought about by the alcohol do not afiect the reaction 
velocity. The velocities of oxidation are the same with chromate 
as with dichromate. The temperature-coelhcient of the reactions 
is 1-02. These reac?bions in general exhibit a perfectly normal 
photochemical behaviour. J. S', S. 

Biochimical Action of Light. F. Schanz [Ffidger's ArcJiivj 
1918, 170, 646—676; from Physiol. Abstr., 1918, 3, 552).— Ob- 
servations on the lens of the eye have shown that the effect of light 
is to render protmn less soluble. Some authors have attributed 
this change to certain substances accompanying the protein. The 
presence of acetone in diabetes coupled with the frequent occur- 
rence of lenticular opacity suggested a series of experiments in 
which equal amounts of a protein solution in a series of quartz 
tubes were treated with increasing amounts of acetone. Series 1 
and 2 were placed in the sunshine, whilst series 3 was incubated in 
the dark at 38®. After four days the contents of the various tubes 
were equalised by appropriate additions of acetone, the only dis- 
tinction being that in series 1 and 3 the added acetone had been 
previously treated with light, whereas in series 2 it had not. The 
amount of precipitation, after the addition of ammonium sulphate, 
sodium chloride, and acetic acid by the method previously described, 
was then noted in each case. The results showed that the change 
from a more to less soluble condition of the protein was due to 
the effect of light on the protein itself ; the reaction was, however, 
increased by the presence of acetone. The amount of acetone 
breakdown (amount of gas formed) was tested after exposure to a 
quartz lamp of acetone (1) in ordinary glass (absence of shorter 
rays than A 30 /xp,) ; (2) in quartz (absence of shorter rays than 
\200pp); and (3) shaded with a “euphos" glass screen (rays 
shorter than AdOOpp). The results showed that acetone absorbed 
and was acted on by the ultra-violet rays alone. The author main- 
tains that chemically pure organic salts are quickly broken down 
by the action of light in the absence of iron. Some quartz spectro- 
graphs figured in the text show absorption of the violet rays by 
protein and other substances, the greatest absorption being 
exhibited by acetaldehyde and acetone. Certain coloured sub- 
stances, such as eosin, hsematoporphyrin, and chlorophyll, act as 
optical sensitisers j eosin is non- toxic unless the organism is exposed 
to intense light. Mice die suddenly if exposed to daylight after 
previous injection of hsematoporphyrin, and various lesions of the 
skin occur in sub-acute cases. It is suggested that the brilliant 
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colourinss of flowers, etc., is to enable the organism to select the 
particular light rays required. Other experiments show that the 
growth of plants is affected by ultra-violet rays. J. L. D, 

The Reaction of Proteins to Light. P. Schanz (Pflvger’s 
Archiv, 1917, 169, 82 — 86; from Physiol. Abstr., 1917, 2, 584).— 
The author refers to his previous work on the lens proteins, and 
also to Neuberw's work. Proteins are more sensitive to light than 
Neuberi^ considers, and experiments are given which show that 
quartz lamp rays can effect in them changes in solubility, etc., so 
that albumins then show the characters of globulins. J. C. D. 


Some Observations on the Action of Coal on a Photo- 
graphic Plate. Eric Sinkinson (T., 1920, 117p 165 170). 


Chemical Actions of Radiation. Eug^nk Wourtzkl {Le 
Radium, 1919, 11, 289-298, 332-347. Compare A., 1914, ii, 18, 
238).— The chemical action of a-rays from radium emanation on 
hydrc^en sulphide, ammonia, nitrous oxide, and carbon dioxide 
has been investigated. When the reaction is not accompanied by 
secondary reactions, it is found that the amount of decomposition, 
under the same conditions of volume, pessure, and temperature, is 
proportional to the amount of emanation present. This is the case 
with the reactions HgS — H^+S and !NH 3 =N + 3H. The effect 
increases with the dimensions of the vessel, and the volume, but 
tends to a maximum value, corresponding with the total utilisa- 
tion of the energy of the radiation. If K, K ^ are the velocity 
constants for particular conditions and for total utilisation of 
energy respectively, R is the radius of the vessel, and p the pres- 
sure, then, when K'^O'oK , it is found that A = — O/Rp), 

where 0 is a constant. When the relation is repre- 

sented by a line tangent to the above curve, and passing through 
the origin. The decomposition of nitrous oxide is complicated by a 
secondary reaction, namely, the formation of nitric peroxide froia 
the nitric oxide and oxygen set free in the initial reactions 
Ng + 0 j NgO ^ NO -t- N. Contrary to the statement of Ramsay and 
Cameron, carbon dioxide is only very slowly decomposed by o-rays. 
No theoretical conclusions are drawn from the results beyond the 
statement that the decompositions do not follow Faraday s law, A 
full account of the apparatus used is given. J. R. F. 


New Arrangement for the Rontgen [Ray] Crystallo- 
graphic Investigation of Crystalline Powders. Helgb 
Bohlin (Ann. Physik, 1920, [iv], 61, 421— 439).— A new arrange- 
ment is described, in which by means of a cylindrical arc-shaped 
scattering surface, made of a compressed, crystalline powder, inter- 
ference lines can be produced. One edge of the lines is sharp and 
may be geometrically defined, whereby an increased accuracy over 
that of the previously described methods is rendered possible. It is 
shown that the sharpness and the position of the line edge is m- 
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dependent of the width of the slit and of the depth to which the 
radiation penetrates. By means of photographs of the interference 
lines the space grating of thorium, nickel, and magnesium has been 
determined by this method. It is shown that thorium and nickel 
Jiave face-centred cubic lattices, whilst magnesium has a lattice made 
up of two simple interpenetrating hexagonal lattices. J. F. S. 

An Experimental Deterxhination of the Critical Electron 
Velocities for the Production of the Ionisation and Radia- 
tion on Collision with Argon Atoms. Frank Horton and 
Catherine Davies (Proc, Roy. Soc.^ 1920, [A], 97, 1 — 23. 
Compare A., 1919, ii, 210). — In the conclusion of Franck and 
Hertz that ionisation occurred in argon when the velocity of the 
colliding electrons was raised to 12 volts, the ionisation of the gas 
could not be distinguished from photoelectric effects of radiation 
produced by the collisions. By methods similar to those previously 
employed for helium, it has been shown that, when electrons bom- 
bard argon atoms, a radiation is produced when the electrons attain 
a velocity corresponding with 11-5 volts, which is not accompanied 
by ionisation of the argon, but at 15*1 volts ionisation of the argon 
takes place. The latter potential corresponds, according to the 
quantum relation, with a wave-length of 817 A. XT., which is in 
accord with the spectroscopic investigation of the extreme ultra- 
violet spectrum of argon % Lyman, which he found terminated 
abruptly at 800° A.XJ. Evidence has been obtained that at 15‘1 
volts not all the collisions are fruitful in producing ionisation, and 
that the fraction of fruitful collisions is increased greatly by intense 
IPS volt radiation. The minimum ionisation velocity, 15 T volts, 
however, is the same whether the argon is exposed to weak or 
intense il'5 volt radiation. F. S. 

Investigation of the Ejects of Electron Collisions with 
Platinum and with Hydrogen, to ascertain whether the 
Production of Ionisation from Platinum is due to 
Occluded Hydrogen. Frank Horton and Ann Catherine Davies 
{Proc. Roy, Soc., 1920, [1], 97, 23 — 43). — During the investigation 
of electron collisions with helium it was found that positive ions 
were produced from a positively charged platinum gauze bombarded 
with electrons of minimum velocity corresponding with 11 volts, 
and this has been more fully investigated to determine whether it 
is due to the metal or to attached hydrogen. This voltage is 
subject to a correction for the velocity at which the electrons leave 
the tungsten filament, and the mean of all the corrected results 
gives 13-0 volts as the critical electron velocity for the production 
of the ionisation, which does not agree with the usually ac(5epted 
value of the “ionisation potential” of hydrogen (11 volts). In the 
sime apparatus the production of ionisation in hydrogen was 
investigated, hydrogen being introduced through a palladium tube 
heated in a flame, and the conclusion was reached that the first 
critical velocity (13 volts) is not due to hydrogen at all, hut probably 
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to the platinum itself. In hydrogen it was found that a radiation 
is produced at an electron velocity ot 10‘5 volts, a second type of 
radiation at 13’ 9 volts, an ionisation at 14-4 volts, and a second 
type of ionisation at 16’9 volts. Th^ four velocities correspond 
probably with radiation from the hydrogen atom and molecule and 
ionisation of the hydrogen atom and molecule respectively, the 
values calculated from Bohr’s theory being 10' 2 instead of 10-5 for 
the first, 13‘6 instead of 14-4 for thfe third, and 16*3 instead of 
16' 9 for the fourth. It is desirable that these caritical velocities 
be further examined in an apparatus specially designed for the 
purpose. F. S. 

Melting Point^of Lead Isotopes. M. £. Lembeet {Zeitich, 
Elektrochem.j 1920, 26 , 59 — 60). — The melting points of pure lead 
chloride and lead chloride containing Ra-(? chloride have been 
determined and shown to agree to within 0-06%, that is, to within 
0’5°. The material used for the determination was that used hy 
Richards and Lembert for atomic-weight determinations, and from 
which the values 207’15 and 206*57 respectively were obtained 
(A., 1914, ii, 683). The present results confirm the assumption 
of Fajans (A., 1915, ii, 206) that v^m is constant for isotopes as 
against the view of Lindemanu {Nature, 1915, 95 , 7) that v is 
constant. J, F. S. 

The Radioactivity of Bavarian Rocks and Waters and of 
the Fluorspar of Wolsenberg. F. Hen rich {Zeitsch. aiigciv. 
Ghem., 1920, 33, 5 — 8, 13 — 14, 20 — 22). — An investigation of the 
distribution of radioactivity in the springs, rocks, and minerals of 
Bavaria, including also French Switzerland, the Fichtelgebirge, and 
the Oberpfalz, is described with details of the activity of a large 
number of springs expressed in Mache units {M.U.). The springs in 
the chalk mountains of French Switzerland were but feebly active, 
but iu the granitic areas of the Fichtelgebirge most of the springs 
had an activity between 10 and 100 M.U. and four were over 
100 M .h . The minerals tobernite and autunite occurred in these 
districts in the granite. A special examination of the gases from 
one of the springs showed the unusual composition of' about 12% of 
oxygen and the rest "unabsorbable.” 

A description is given of the fluorspar of Wolsenberg (^'Stink- 
fluss ),^ in which the dark blue and violet-coloured varieties emit 
a peculiar odour on being crushed, which is undoubtedly due to the 
evolution of free fluorine. The origin of this is considered to be 
due to the action of rays of radioactive subs'tances, dissociating the 
calcium fluoride, with coloration of the mineral due to colloidal 
calcium and evolution of free fluorine. By acting on fluorspar 
with radium rays the colour is easily produced, but not the odour 
of fluorine. p 

Dependence of the Dielectric Constants of Water, Ethyl 
Alcohol, Methyl Alcohol, and Acetone on Pressure. G. 

Fat.ckehbehg (Ann. Phydk, 1920, [iv], 61 , 145— 166).— The dielec- 
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trie constant of water, ethyl alcohol, methyl alcohol, and acetone 
}]a5 been determined at temperatures (16-3—20'^) over the pressure 
7 — 200 atras. The mean change in the dielectric constant 
atmosphere increase in pressure is found to he 0*0046% for 
^ater, 0*Q097% for ethyl alcohol, 0*0102% for methyl alcohol, and 
for acetone. The refraction constants fn^-lV/^, 

ll f (772 + 21 , 1 !d are calculated for %he ahove-named liquids 
at the pressures named. In the case of water and hoth alcohols a 
(rood agreement is found for the expression hoth at low 

and hi?h pressures. In the case of acetone, owin^ to insufficient 
I'Tinwlftdf^e of the coTU'O'ppcsihilibT, conclugirms are not arrived at. 
the results of Ortvav (A,. 1911, ii, 9611, the values of 
and (n—DId are calculated for benzene and ethvl 
alcohol. In the case of benzene the value of (r^^ — ^)|d is constant 
over the ranye 1 — 500 atmospheres: but with ethyl alcohol all 
three values show considerable irreynlarity over the same pressure 
raTT^e. The verv lar^e values of the Wiener number u for water 
and the two alcoboh confirm the suypestion of Hontg-en that tbe 
ratio of polymerised to non -polymerised molecules changre<^ with 
increase of pressure. J. P. S. 

[ElectHcaH Condnetivify of Solid Salts and Mixtures of 
Salts. Ropkrt Kktzer (ZeiUch. FjUUroch(>.m.. 1920, 9.6, 77—841 
—The specific conductivity of pastilles of lead chloride, lead 
bromide, and mixtures of these substances with varvinv amounts 
of sodium and potassium chloride and bromide respectively has 
been determined at 37°. Electrical contacts were made with amal- 
gamated copper plates, and it is shown that differences in conduc- 
tivity amounting to 12% may be occasioned by variations in the 
nressure employed in making the pastille. It is shown that the 
large increase in conductivity found by Pritsch (A., 1897, ii, 301) 
on mixing the haloids of lead and mercury with alkali haloids, 
does not occur if moisture is completely removed and if the mixture 
is not heated to a high temperature. It is shown that the previous 
treatment of lead chloride has a marked influence on the conduc- 
tivity. In the case of the mixtures, it is found that heating 
before pressing increases the conductivity to a considerable extent. 
Thus 2% of sodium chloride in lead chloride increases the conduc- 
tivity of the lead chloride 109 — 170 times, if the previous heating 
was carried out in moist air, in a vacuum, or in chlorine; on heat- 
ing in dry air the increase was 41 times. The very smallest addi- 
tions to lead chloride produced a considerable increase in conduc- 
tivity; thus, 0*001% of sodium chloride increased the conductivity 
45 times if the mixture was melted in chlorine before pressing. 
No proportionality was found between the concentration of the 
alkali chloride and the increase in conductivity. J. p, S, 

Form of the Conductivity Function in Dilute Solutions. 

Charles A. Kraus (/. Amer. Chem. Soc., 1920, 42, 1—18).— A 
theoretical paper, in which the method adopted by Washburn 
(A., 1918, ii, 55) for calculation of the value of ifef, is examined 
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The author is not able to agree either with Washburn’s conclusions 
or with his interpretation as to the limiting character of the law 
of mass action. J. F, S. 

Conductivity and Viscosity of Organic and Inorganic 
Salts in Formamide and in Mixtures of Formamide with 
Ethyl Alcohol. P. B. Davis and H. 1. Johnson (Carnegie hist. 
Fuh.^ 1918, 260, 71— 96). —The conductivity and the viscosity in 
formamide solution of (a) metallic nitrates and formates (common 
anion), and (b) sodium salts of organic acids (common cation) have 
been measured, and also the behaviour of certain representative 
salts in mixtures of formamide and ethyl alcohol has been studied. 
The molecular conductivities of ammonium, potassium, sodium, 
calcium, strontium, and barium nitrates in formamide, which haj 
a greater dissociating power than water, are much smaller than 
in aqueous solution. Evidence of complex solvent formation is 
obtained with the calcium, strontium, and barium salts in form- 
amide and in water. From the conductivities and viscosities of the 
formates of nibidium, ammonium, lithium, sodium, barium, and 
strontium in formamide at 15°, 25°, and 35°, the conclusions are 
drawn that these salts, like the nitrates, are more strongly disso- 
ciated at low dilutions in formamide than in water, that the tem- 
perature-coefficients of the conductivities are of the same order of 
magnitude for the alkali formates, but are greater for the alkaline- 
earth formates, and that rubidium and ammonium formates 
increase the viscosity less than sodium and lithium formates. 

From conductivity and viscosity measurements in formamide at 
15°, 25°, and 35° of sodium 7u-broino-, m-amino-, and SrS-dinitro- 
benzoate, benzoate, salicylate, benzenesulphonate, and succinate, the 
conclusions are drawn that (a) the conducting capacity of the first 
three salts is approximately the same, and the same is true of the 
next three. All monobasic salts have nearly the same conduct- 
ance, which is about half that of the dibasic salt; (6) no relation 
exists between the conductivity and the constitution of the organic 
salts, and the same is true of the viscosity. 

Data were also obtained on the molecular conductivity and the 
viscosity of tetramethylammonium iodide, rubidium iodide, 
lithium nitrate, and calcium nitrate in mixtures of formamide and 
ethyl alcohol. The first three salts show an increase in molecular 
conductivity up to a concentration of 25% formamide and 75% 
ethyl alcohol, where a maximum is reached, a fact explicable by 
an increase of ionic mobility at this point. Caesium, rubidium, and 
potassium salts lower the viscosity of water, but increase that of 
formamide. Chemical Abstracts. 

Electrical Conductivity of the Sodium Salta of certain 
Organic Acids in Absolute Alcohol at 15®, 25®, and 35®. 

H. H. Llovd and A. M. Pardee {Oamegie Inst. Pub., 1918, 260, 
99—118). — An extension of previous work on the electrical conduc- 
tivity and dissociation of various organic acids in alcoholic solu* 
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tion, involving a study of the sodium salts of the organic acids in 
absolute alcoholic solution to obtain first the Xg values for these 
salts and then the \ values for the acids. Absolute alcoholic solu- 
tions of thirty-two sodium salts were prepared, and the conductivi- 
ties at 15°, 25°, and 35° over the range A/50 to A/20,000 were 
determined. Goldschmidt's previous results were confirmed. The 
values were obtained by extrapolation, using the function 
= developed by Noyes and Johnston. The 

Rohlrausch formula did not give satisfactory results. The Xg 
values at 25° were obtained for all the salts, and by combination 
with the Xg values for hydrogen and sodium chlorides the limiting 
conductivity at 25° of thirty -one organic acids in absolute alcoholic 
solution was calculated. The dissociation and affinity constants 
of these acids in such solution can be calculated from the Xg 
values. There is a great similarity in the conductivity of these 
organic acids in alcohol. Little can he said of the relation between 
chemical composition and conductivity. No difference was found 
between aliphatic and aromatic derivatives, and the position of 
substituents in the latter appeared to be without influence on the 
conductivity. Chemical Abstracts. 

The Positive Influence which the ay-Diols Exercise on 
the Conductivity of Boric Acid. J. Boesekex {Eec, trav. 
chirn., 1920,39,178 — 182). — [Vvith W. Rost van Tonningen.] — Di- 
ethylmalonic acid has A' 2 ,- = 2-8 x 10*®, and is notably much 
stronger than digly collie acid (compare A., 1916, ii, 595). It might 
be expected., therefore, to have a feebler negative influence on the 
conductivity of boric acid, but the diminution found is almost 
the same in the two cases. 

[With W. P. Th. Hendriks z.] — Measurements with ^-nitro-j3- 
methylpropane^ay-diol give results almost equal to those of 
glycerol and much less than those of pentaerythritol. W. G. 

The cycbHexane-1 : 2-diols and the Flexibility of the 
Benzene Bing. J. Boeseken and J. van Giffen (Rec. trav.chim,, 
1920, 89, 183 — 186). — Measurements have been made with the 
and tram~cycl(ih&\B.ne-l : 2-diol5 to determine their influence on the 
conductivity of boric acid. The influence of both isomerides is 
manifestly negative, but the influence of the cis-isomeride is slightly 
more feeble than that of the ^mus-isomeride. The w-diol shows 
a greater tendency to form complexes than the trans-diol. The 
authors explain the difference of behaviour of these two isomerides 
on the hypothesis that the flexibility of the cyc/ohexane ring per- 
mits of the hydroxyl groups of the a6’-form obeying more easily 
their natural repulsion. W. 6. 

Increase in the Conductivity of the a-Keto -acids by Boric 
Acid, as a Consequence of the Formation of a-Hydroxy- 
acids by Hydration: R C(OH)./C02H. J. Boesekkn and W. 
Rost van Tonningen [ Rec . irm . chivfi.i 1920, 39, 187 — 190). — 
Trimethylp^nivic acid, like pyruvic acid itself (compare A., 1916, 
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ii, 209), exerts a marked positive infl-ueiiTO on the conductivity of 
boric acid itself, thus confirming the view previously expressed 
{toe. cit.) that the a-keto-acids in aqueous solutions are hydrated 
and behave like dihydroxy-compounds. Trimethvlpyruvic acid is 
notablv much weaker than pyruvic acid, and the dehydration takes 
place more easily, so that it apparently exerts a negative influence 
even at moderate dilutions, G. 

Overpotential and Catalytic Activity. Eric K. Rideaf, 
{ 7 . Awer. Chew, ftoc., 1920. 42, 94— 105).— The influence of 
temperature on overpotential has been determined at a series of 
temperatures for platinum, copper, and zinc. In the case of zmc. 
there is no relation shin between the calculated and ohserved 
tempera ture^coefiicient, the latter only amountin? to 0*31 millivolt 
per decree at 37®. In the case of copper and platinum, a hicher 
coefficient is observed, the values bein? 2*2 millivolts per deerree 
and 0*17 millivolt per decree respectively. These values are three 
to four times as lars^e as the calculated values. It is suvgfested 
that overpoteutial is a measure of the eneryy required for the 
desorption of hydroeen from a metal surface. Metals with low 
latent heats of desorption are catalytically active, the activity 
increasing with decreasing overpotentials. Metals with over- 
potentials exceeding 0*455 volt are catalvtically inert, and no 
metal can posess an overvoltage exceeding 1*80 volts. The calcu- 
lated values of the catalytic activities of the metals are in agrees 
ment with Sabatier's qualitative observations. A suggestion i? 
made for the mechanism of the process of desorption on the 
radiation hypothesis. J. E. S. 

Resemblances between the Properties of Surface Films 
in Passive Metals and in Living: Protoplasm. II, Ralph 
S. Lillie (Science, 1919, 50, 416 — 421. Compare A., 1919, i, 606). 
— Most ions activate passive iron at varving rates and the stahilitv 
of the surface film in any solution, and hence the preservation of 
the passive state, is dependent on the oxidising properties of the 
dissolved substance. Continued oxidation seems to be necessary for 
preservation of passivity. Ions of strong oxidising properties tend 
to stabilise regardless of charge, for example, the dichromate, per- 
manganate, silver, gold, and platinum ions. The haloid ions have 
a strong activating influence, the rate being proportional to the 
concentration. Salts with terminal oxygen in union activate only 
very slowly. The cation has not so large an effect, but passivity is 
retained longer in solutions of heavy metal salts. Any condition 
that confers increased stability on the surface film prevents or 
retards its destruction in an activating solution. Hence oxidising 
anions or cations more noble than the experimental metal anta- 
gonise the activating effects of other ions. The antagonism between 
sodium and calcium so characteristic in biological systems is not 
exhibited by passive iron, Ansesthetics, except ethyl nitrate, show 
no retarding effect towards activation as they do in protoplasm, hut 
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i<5 not to be expeoted since solution in the organic solvents of 
fhc protoplasm, particularly lipoids, is not parallel^ hv any process 
of solution in the metals. Chemtcal Abstracts. 

Simple Hvdrogen Electrode. C. H. Bailey {/. Am^r. Chem. 
floe.. 1920, 42, 45 — 48). — The vessel and electrode for preparing a 
simple hydrogen cell may be constructed as follows. A piece of 
7 mm. bore tube is blown out at one end to form a bulb 15 mm. 
fliam. ; the tube is then bent to form an angle of about 45*^ at a 
aistance of 50 mm. from the top of the bulb. The other limb of 
the tube is about 80 mm. long, and is fitted with a ground-glass 
jtopper. The metal electrode is a thin gold disk 5 mm. diam. 
welded to a piece of thin platinum wire and fused into the side of 
the shorter limb of the tube about 5 mm. above the bend. The 
gold foil is platinised in the usual way. The tube is filled with the 
liquid under investigation, and then by means of a fine tube the 
bulb is filled with pure hydrogen, thus expelling some of the liquid. 
Tt. is then stoppered, care being taken to exclude all air, and 
Tisorously shaken until the solution is saturated with hydrogen. 
Connexion is made with the standard electrode by removing the 
stopper and placing the syphon tube well down the longer limb. 
The electrode is stated to give trustworthy results, and to be very 
rapid in its action. J p g 

A Gas CoUecting Tube. Erich mhhURiZeiUrX FJeUrochem., 
1920, 26. 7fi — 77). — A gas burette for coHectinor the gases evolved 
at electrodes during electrolysis is described. The novelty of the 
apparatus lies^ in the tap which is attached at the bottom of the 
burette; this is a heavy tap with a key bored in T- shape, so that 
the horizontal bore will give access to the burette and the vertical 
bore to a side-tube to which the levelling tube is attached. 

J. F. S. 

New Cadmium Vapour Arc Lamp. Frederick Bates (Phil. 
l/cf/., 1920, [vi], 39. 353— 358).— A small quartz cadmium vapour 
lamp is describe. The lamp is in the form of an inverted U-tuhe 
of 10 c.c. capacity, and is fitted with two long quartz capillaries 
at its ends, by means of which the tungsten wire electrodes are 
admitted. The electrodes are fastened into the capillaries by 
means of lead seals. The lamp is filled by distilling, from a quartz 
bulb attached at the bend of the U-tube, a gallium— cadmium alloy 
containing 2 — 3% of galliuin. The presence of the gallium renders 
the cadmium soft, and so prevents breakage of the lamp when the 
metal solidifies. The distillation is carried out at O'OOl mm. pres- 
sure, and when sufficient has been distilled into the lamp the narrow 
tube by which the bulb is connected is sealed. The lamp will burn 
with 110 volts and 3 amperes with a drop of 14 volts across the 
terminals, but is more efficient with a current of 7 amperes and a 
Jrop of 25 volte. To start the lamp one limb must be heated with 
i bunsan flame. The spectriun of the light thus produced is prao- 
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tically that of pure cadmium; the lamp is durable, and requires 
little attention, and furnishes an intense monochromatic source of 
red light by means of the line \ 6439 A. J. ^ g 

Magnetic Susceptibilities of Hydrogen and some other 

Gases. Tak^. Sone {PhiL Mag., 1920, [vi], 39, 305—350, and Sci 
Rep. Tohoku. Imp. Univ., 1919, 8, 115 — 167). — The magnetic sus- 
ceptibility of air, oxygen, carbon dioxide, atmospheric nitrogen 
chemically pure nitrogen, argon, and hydrogen has been deter- 
mined with reference to water = -0'720 x 10~®. The following 
specific susceptibilities (x^O®) at 20^, and volume susceptibilities 
(k. 10®) at 0° and 760 mm. are found; air, x=23’85, k= 0-03084; 
oxygen, k — 0T488; carbon dioxide, ;^=:-0’423, 

k=~ 0‘000836; chemically pure nitrogen, x- “0*265, 
-0*000331; atmospheric nitrogen, x= “0*360, -0'0()04o2; 

argon, x=^0*0104; hydrogen, X"~^*^^2, n~ 

-0*0001781. The susceptibility of air as determined is very close 
to that calculated from the values for the constituent gases, which 
indicates that the additive rule holds for the susceptibility of gases. 
The susceptibility of nitrogen is found to be diamagnetic, a fact 
which is opposed to the values of all other observers except Pascal, 
who found it had a value about 50% greater than the present value. 
The specific susceptibilities of gaseous and solid carbon dioxide 
have the same value. The present results are considered iu the 
light of Bohr's atomic model for hydrogen. J, p. g. 

Moment of Inertia of the Magneton. 11. Gans (d?ia, 
Fhysik, 1920, [iv], 61, 396 — 397). — A theoretical paper, in which 
the moment of inertia of the magneton of a number of elements is 
calculated. This value is of the same order in most cases, and lie? 
between 0'761xl0“^^ and 60*2 x 10 xhe moment of inertia of 
platinum is 67*7 x 10“^^ and of - anhydrous manganous sulphaie 
12*4xl0“<» J. p. S. 

Magneto-chemistry of the Chromic Chlorides , Jose Balt.! 
Elias [Anal. Ris. Quim., 1918, 16 , 467 — 483). — The magnetic sus- 
ceptibility of aqueous solutions of the green and the violet chromic 
chloride was determined at dilferent degrees of concentration, tem- 
perature and acidity, and during transformation of either modiii- 
cation into the other. Quincke's method was employed for dilute, 
and the solenoid method for concentrated, solutions. The suscepti- 
bility of the solutions of either salt was found to be independent of 
the concentration, hence they comply with Wiedemann’s law (that 
is, the susceptibility is an additive property, obtained as the sum of 
those of its components). The conversion of the green into the 
violet solution and vice versa was not marked by any change in tne 
magnetic constant within the intervals in which the measurements 
were made (up to eight hundred and eighty-six hours). Hence the 
two modifications have the s^e magnetic constant, wheioas their 
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other physical properties are different. It is inferred that— unlike 
cobalt, the magnetic properties of which undergo profound changes 
in certain co-ordination compounds— the linking between chromium 
and the other atoms or radicles in its oo-ordination sphere is 
effected through the more external electronic orbits of the atom. 
The existence of nineteen magnetons in the chromium atom is 
confirmed (compare Cabrera and Marquina, A., 1917, ii, 355). The 
magnetic constant of both salts decreases in dilute solutions, but 
in presence of hydrochloric acid hydrolysis is repressed and the 
(stable) green chloride regenerated. The figures obtained for the 
molecular susceptibilities f>f the two compounds are given 

below, together with those obtained by Feytis (A., 1913, ii, 381) : 

, Flias. Feytis. 

592b.l0"® 

[Cra2(H20)dCl,2H20 ... 6179, 10'« 6100.10-® 

W. R, S. 

Establishing of the Absolute Temperature Scale, 

Frederick Gr. Keyes (7. Amer. Chem. Soc., 1920, 42, 54 — 59). — A 
theoretical paper, in which the work of Buckingham and of 
Chappuis on the absolute temperature scale is considered from the 
point of view of the author’s new equation of state, which is based 
on the Bohr conception of the atom {Proc. Nat. Acad. Sei., 1917, 
3, 323). J. F. S. 

Characteristics of the Gouy Thermo-regulator. T. S. 

Slice, jun, (/. Amer. Chem. Soc., 1920, 42, 60 — 68). — The paper 
describes a modification of the usual type of electrical thermo- 
regulator in which the fixed contact element is replaced by an 
oscillating contact element, and shows that such a regulator will 
reduce the periodic variations of the bath temperature and the 
erratic variations due to variations of the mercury surfacei to a 
fraction of the values obtainable with the usual form of thermo- 
regulator. A periodic variation in bath temperature of less than 
0‘0001°, as indicated by a temperature indicator, having a natural 
period of about five seconds is easily obtained. By the use of an 
oscillating contact regulator, variations of mean bath temperature 
due to variations in external conditions are reduced below the 
values usually obtained. Characteristic equations are derived for 
both the fixed and oscillating type of thermo-regulator, and these 
equations, together with experimental data, have been used to draw 
a comparison between the two types of regulator. J. F. S. 

Variation of Thermal Conductivity during the Fusion of 
Metals. Seibk! Konno (Soi. Rep. Tohohi. Imp. Unii\,, 1919, 8, 
169—179). — The thermal conductivity has been determined for tin 
(18-498°), lead (18—601°), bismuth (18—584°), zinc (18—578°), 
aluminium (18 — 800°), and antimony (0 — 692°). The thermal con- 
ductivity of tin, lead, zinc, and aluminium decreases with rise of 
temperature up to the melting point. On melting the thermal 
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condnctivity of these metals decreases abra^tly and to a consider- 
^le extent The thermal conductivity of bismuth and antmon, 
decreases to a minimum, which lies at 160 , and 182 rMpectively, 
and then slowlv rises to the meltinj point. On ®™Sl 

conductivity of Hsmuth increases cons^eraUy, whilst anti- 

Iny appears to decrease slightly. The themal inductivity „( 
the molten metals in all cases decrease slightly with increase „ 
temperature. The changes in thermal indnctmty ™n parallel 
with the changes in electrical conductivity with nse tempera. 

. J . 1 . s. 

ture. 

Variation o! Atomic Heats as a Function of the 
Temperature. Matheds d’A. Albuquerque (Pamphlet [Porto- 
guese], 1919, 1—19).— A theoretical discussion. 

Meltine Points of Pure Metals. W. Guertler and M. 
PiRANi (ZeUsch. 3IetaUkunde, 11, 1-7; hom Chem Zenir 1919, 
010—911'). — The following are given as the most trustworthy 
figures for the melting points of the elements: Ag, 961°; Al, 658°; 
if So° fn* Au, 1063°; B. 2400°; Ba, 850°; 01, 1300° (?); Bi, 
270° C >3600°; Ca, 809°; Cd, 321°; Ce, 700°; Cl, -10V5°; 
Co 1490° • Cr 1520°; Cs, 26°; Cii, 1084°; Fe, 1530°; F, -223°; 
ci 30°-^Ge; 958°; H, -259°; Hg, -39*7°; I, 113-5°; In. 
155°- Ir 2350°- K, 62'4°; La, 810°; Li, 186°; Mg, 651°; Mn, 
1210°- Mo 2410° (?); N, -210°; Na, 97-5°; Cb, 1700° (1); 
Nd 840 °; ’Ni, 1452°; 0, -218°; Os, 2700° (1); P, 930°; PL 
327-4° ' Pd 1545°- Fr 940° (?); Pt, 1760°; Ra, 700°; Rb, 38°; 
Rh 1960°- Ru 2450° (?); S, 119-2°; Sa, 1300°; Sb, 630°; Se, 217°; 
Si ’l420°;'Sr<Ca<Ba; Sn, 232°; Ta, 2800°; Te, 450°; Th>Pt. 
1800°; Ti, 2000° (?); Tl, 301°; TJ, >1850°; V, 1800°; AV, 3030°; 
Y, 1490°; Zn, 419-4°; Zr, 1700° (?). 

The dependence of the melting point on^ the position of the 
element in the periodic system is also graphically illustrated. ^ 

E. W. 

Thickness of the Capillary Layer between the Homo- 
geneous Liquid and Vapour Phases, particularly for 
Carbon Dioxide. G. Barker (Ann, Physik, 1920, [ivj, 61, 
273—302. Compare A., 1919, ii, 12 ; this vol., ii, 19).— A theoreti- 
cal paper, in which the thermodynamic equation (Fi-i^ 2 )/ 2 -Fj= 
T-{d{HllT)jdt] is deduced by two methods: B is the surface 
tension, ^ the thickness of the capillary layer, T the absolute tem 
perature, and E^, Eo, and Ag are the energy densities (energy per 
unit volume) of the liquid, vapour, and unstable phases respec 
tively. The thermodynamic potential of the unstable phase tas 
the same value as the homogeneous liquid and vapour 
Making use of the formulse of Gauss — ^van der Waals and Mills, ® 
following thicknesses are calculated for the capillary layer of carboa 
dioxide: -25°, 1*52 -10°, 1-51 0°, 1-87 ;t/i; 10°, 2’13/t/x; 

20°, 3-11 /i/x; 28°, 5*86 |x/x; 30°, 13-66 fxp; and 31-12°, 193 /xp,- MaK- 
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ua6 of a difierenti metliod of calculation^ the values for the 
Qumber of layers in the capillary layer R and the total number of 
layers n of gas and liquid which form the capillary layer are 
calculated. For carbon dioxide the values are; 


i = 

-25% 

-10% 

0% 

10% 

20% 

28% 

R = 

3-0 

3'6 

4’2 

5*1 

7-0 

11-4 

n = 

2-7 

3-4 

4-0 

4-9 

0-9 

11-3 

c = 

1-6 

2-0 

2-3 

2-8 

3*2 

0-1 tifi. 


file value of B has also been calculated for benzene and ether. 
These are based on the van der Waais's equation of state, and 
as follows: (1) benzene, 5'4°, 2-4; 50^, 3; 100°, 3-4; 
150 ^ 3-5 j 200°, 4-0; 250° lO'S; and 280°, 16; (2) ether, 0° 2-4; 
20° 3*3; 50° 3-3; 80° 4-2; 120°, 5; 170°, 7*8; 190°, 16-4; and 
193°, 21-5. j, F. S. 

Certain Binary and Ternary Mixtures o! Liquids having 
Constant Boiling Points. AVilliam Hingrose Gelbton Atkins 
1920, 117 , 21iS— 220). 

^Brown’s Formula for DisUllallon. Sydney Young (ScL 
/roc. Roy, J)uhl. Soc., 1920, 15 , 667 — 672). — Brown's formula, 
= c ^ where and „ arc the relative 

number of molecules of A and B in the vapour and liquid 
phase respectively, and c is a constant depending on the relative 
vapour pressures of the pure substances at the boiling point of the 
mixture), is applicable without serious error to mixtures of benzene 
and toluene, of which the vapour pressure F approximately equals 
1/Pj + tl - ^)Fe, and F‘^ being the vapour pressures of the 
two pure substances at the same temperature, and M the molar 
fraction of the substance A, Further, for benzene and toluene the 
b^t value of the constant c differs but slightly from the ratio 
namely, 2*591. G, F. M. 

Thermodynamics and Probability. A. Berthoud (J. Chim. 
Phys^y 1919, 17, 589 — 624). — A mathematical discussion of the 
relationship between entropy and probability, in which a formula 
is given by means of which it is possible (1) to determine the most 
probable distribution of the molecules of a monatomic or diatomic 
gas, according to their velocity or energy, this distribution being 
expressed by the generalised Maxwell formula; (2) to find the rela- 
tionship which expresses the entropy of a monatomic or diatomic 
gas in terms of its temperature and its volume, this relationship 
agreeing with the thermodynamic expression of entropy. W. G. 

Free Energy and tbe Hypothesis of Nernst. A. Boutaric 

{LeRadiumy 1919, 11, 257— 262, 298-305, 348-.356).— The author 
directs attention to the well-known looseness of terminology of 
writers on the free energy equation, A — C7 = T{dA jdT). He deduces 
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this, and numerous other equations, by familiar methods, and cou- 
siders their application to some special examples, J, R. p. 

Heats of Dilution of Certain Aqueous Salt Solutions. 

Allen Edwin Steaen and G. McP. Smith ( J . Amer . Chem , iS'oc., 
1920, 42 , 18 — 32). — ^The reversible molecular heat of dilution has 
been determined for the chlorides of sodium, pot^ium, and stvon- 
tium at various concentrations ranging from 3‘2 weight N to 0 2 
weight N, and also for solutions of mixtures of pairs of the above- 
named salts in equivalent and molecular quantities. The heats 
of dilution of sodium and potassium chlorides are negative. This 
fact in the light of the equation .{d\ogtVlPa)ldTt ia 

which j&u is the molecular heat of dilution, indicates an increase 
in the degree of ionisation with temperature, which is contrary to 
the experimental results of Noyes (A., 1912, ii, 526), unless they 
are explained on the basis of decompceition of complexes which 
exist in solution, but are decomposed on dilution. The heats of 
dilution for the solutions of mixed salts bear no simple additive 
relation to the heat effects of the single components at equivalent 
concentrations. The results are explained on the basis of higher 
order compounds as put forward by Werner. J. F. S. 

Heats of Dilution of Solutions of Barium Chloride 
and Barium-Sodium Chloride Mixture, G. McP. Smith, 
Allen E. Steaiin, and R. F. Schneider (J. Amer. Chem. Soc., 
1920, 42 , 32 — 36. Compare preceding abstract). — The reversible 
molecular heat of dilution has been determined for solutions of 
barium chloride of 3 2, 2‘8, and 1-6 weight A, and for solutions of 
the mixed salts in equivalent proportions of 3'2, r6, 0-8, and 0 4 
weight N. It is shown that the heat of dilution of the mixture of 
salts bears no simple additive relationship to the heat of dilution 
of the components at equivalent dilutions. The behaviour of barium 
chloride in this respect is therefore analogous to that of strontium 
chloride {loc. dt.). The experimental results can be explained 
on the same basis as the results obtained with the mixed strontium 
salts, namely, on the assumption of the formation of compounds of 
a higher order. J. F. S. 

Relations between Relative Densities , Absolute Density, 
and Apparent Weight of Solutions. 0. Cheneau {Bull. Asm. 
Chim. Suer., 1919, 37 , 175 — 181), — For the intercon version 
of specific gravity results at 15°, from one basis of reference to 
another, a table has been compiled showing absolute densities 
(that is, 15'^ in vacuum/ water at 4° in vacuum), and, in parallel 
columns, the corrections to be added or subtracted to arrive at 
corresponding values referred to any of the following bases : 15° 
in air/ water at 15° in air, 15° in vacuum/ water at 15° in vacuum, 
15° in vacuum /water at 15 ’5° in vacuum, and 15° in air /water at 
4° in vacuum. The values are given to five places of decimals, and 
range from 0*7 to PS. J. H. L. 
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Investigation of Mewes’ Law of the Relation between the 
Volume of a Gas and the Temperature. Rudolf Mewes 
i^Uitsch. Sauerstoff. Stiehtoff. Ind,^ 1919, 11, 73—75, 91—93; 
from Chew. Zentr,^ 1920, i, 104, 278. Compare Mewes and Neu- 
Biann, A., 1919, ii, 493). — (a) The errors observed in the previous 
experiments are to be ascribed, in part, to the presence of impuri- 
ties and consequent liquefaction. 

In the second paper the author shows that LandolVs expression, 
(njj)'l) • (^(i'76(j“ 1) is valid for low temperatures if errors 
due to partial condensation of the gas by surface action and partial 
liquefaction are eliminated. H. W. 

Electrical Nature of the Cohesive Forces of Solid Sub- 
stances. M. Born {Ann, Physik, 1920, [Iv], 61 , 87~106j.— A 
mathematical paper in which relationships are deuced for the 
molecular forces existing in crystals of the alkali haloids. It was 
shown by Born and Lande (A., 1919, ii, 188) that the compressi- 
bility of these salts can be explained by the assumption that the 
ious exercise attractive and repulsive forces on one another in the 
sense of Coulomb's law, and that two ions exercise a repulsive force 
the potential of which is inversely proportional to the ninth power 
of the distance between the ions. The present calculations are 
based on this assumption. ^ 

Surface Tension of Mixtures of Water and Alcohol. 

James Brierley Firth (T., 1920, 117 , 268—271). 

The Adhesion of Starch at Fluid Surfaces. I. Experi- 
ments with Starch Grains. F. B. iiofmann {PfliigePs Archiv, 
1917, 167 , 267—279; from Physiol. Ahstr., 1917, 2 , 541).— Potato- 
starch has been used to study the adhesion of solids when distributed 
between two immiscible liquids, and the conditions which influence 
this adhesion. C j) 

The Viscosity of Csesium Salts in Glycerol-Water 
Mixtures. P. B. Davis {Carnegie hist. Pub., 1918, 260, 97—98).— 
An extension of previous studies by Jones and others on the vis- 
cosity of solutions in glycerol and in binary mixtures containing 
glycerol, with special reference to those salts known to decrease the 
viscosity of water and of glycerol. Rubidium and csesium iodides 
produced phenomenal lowering of the viscosity of glycerol. In 
these experiments the viscosities of caesium nitrate and caesium 
chloride were measured at 25° and 35°. Caesium salts decrease the 
viscosity of glycerol-water mixtures more than rubidium salts. 
When salts of both rubidium and caesium increase the solvent vis- 
cosity, as, for example, water and acetone or water and the alcohols, 
the caesium salt produces a smaller increment than the rubidium 

Chemical Abstracts. 

of Hydrogen by Palladium at Low 

James Brierley Pirth (T., . 1920, 117 , 


The Sorption 
Temperatures. 

171 - 183 ). 
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The jEfiect of Heating on the Absorptive Power of Sugar, 
charcoai for Sulphur llioxide. Kamsay MiDOiiKiON Wijif'i'jta 
and Hekbubt Bbbbeton Bakek (T., 319 — 321). 

Influence of Temperature on the Adsorbability^ 
the CoUoid-precipitaung Power of some Narcotics. 

H. Birbich {Fliugtr‘s Arch%v, 1919, 174, 202—217; from i'hi/siol, 
Abstr.f 1919, 4 , 184) .—The observation of Meyer and Overton oi 
the partition-coefficients between oil and water was confirmed for 
the partition between cod- liver oil and water in the case of saiicyi- 
amide and benzamide. The adsorption of narcotics by auiioa] 
charcoal was found to be almost unaifected by alteration of tem- 
perature. In the investigation of the colloid -precipitating power 
it was found that with wobutyi alcohol, ethyluiethane, propyl- 
urethane, benzamide, and sail cyl amide the precipitation of serum 
albumin by cobalt chloride is strengthened more at high than at 
low temperatures; the same applied for some of the narcotics with 
the sodium chloride precipitation of colloidal ferrio hydroxide. The 
narcotic power as tested on tadpoles was always increased by rise 
of temperature. As regards benzamide and salioylamide this is 
opposed to the observation of Meyer that the threshold strength ol 
the narcotic varies in the opposite direction to the oil-water parti- 
tion-coefficient. J. C. I). 

Adsorption by Precipitates. II. Harry B. Weiskr and 
Edmund B. Middleton { J . Physical Chem.y 1920, 24 , 30— 1 3. 
Compare A., 1919, ii, 269). — The amount of adsorption of phos- 
phate, citrate, tartrate, oxalate, sulphate, iodate, and dichromate 
ions by definite quantities of precipitated ferrio oxide from a ferric 
oxide sol has been determined. It is shown that since the first 
process in the precipitation of a colloid by an electrolyte is the 
neutralisation of the charge by the adsorption of an ion of opposite 
charge, it follows that two adsorbing media are concerned in the 
process; the electrically charged particles and the electrically 
neutral particles. Accordingly, the total amount of a given ion 
carried down by a precipitated colloid is determined by (a) the 
adsorption by the electrically charged particles during the process 
of neutralisation, and (b) the adsorption of the electrically neutral 
particle during the process of agglomeration and settling. The 
failure to take the second cause into consideration has led to the 
erroneous conclusion that the amounts of all precipitating ions 
carried down by a precipitated colloid are equivalent. The adsorp 
tion of equivalent amounts of precipitating ions will neutralise a 
given amount of colloid, provided the stabilising effect of the ion 
having the same charge as the colloid is kept constant; but tho 
amounts adsorbed by the neutralised particles will vary with the 
nature of the adsorbing medium, the nature of the adsorbed ion, 
and the concentration of the ion in the solution. The determina- 
tion of adsorption values at the precipitation concentration, as a 
rule, will not give comparable results because of the variability in 
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fhe latter, and the consequent varialciility in the degree of satura- 
t'on of the adsorbent in the adsorbed phase. The variations from 
triet equivalence in the adsorption values of Freiindlich are prol)- 
due quite as much to the va^ing concentration and adsorba- 
bility of the ions as to the analytical errors, The ions mentioned 
above are strongly adsorb^ by hydrated ferric oxide. The adsorp- 
tion of univalent ions was relatively weak, so that the precipitate 
\\<as readilv peptised by washing. The amounts of the ions 
adsorbed are not even approximately equivalent. The phosphate 
ion is most strongly adsorbed, and the others follow the order : 
phosphate>citrat6> tartrate > oxalate > sulphate > iodate > di- 
ohromate. The order of adsorption determined hy analysis is 
entirely different from the order deduced from precipitation values 
on the assumption that the most strongly adsorbed ion precipi- 
tates in the lowest concentration. The latter order is : dichTomate> 
taTtrate>snlphate>»citrate>-oxalate>iodate>' phosphate, In addi- 
tion to the effect of the valency and the adsorhability of precipi- 
tating ions, the precipitating values are influenced by differences in 
the degree of ionisation of electrolytes, the hydrolysis of certain 
salts, the stabilising effect of the ion having the same charge as the 
colloid, the mobility of the ions which in certain cases decreases 
with dilution owing to increased hvdration, the rate of coagulation, 
and the method of determining the critical concentrations. The 
order of precipitation values is the same for the acids as for their 
Dotassium salts except that the former precipitate in somewhat 
higher concentration than the latter owing to the stabilising effect 
of the strongly adsorbed hydrogen ion. There is apparently no 
connexion between the precipitation values and the ionisation 
constants of the acids investigated, probably because precipitation 
takes place at such small concentrations (0-0002 — 0 0008.V). The 
order of precipitation values of the potassium salts is; ferro- 
cvanide<ferricyanide<dichromate<tartrate < sulphate < oxalate 
<chromate<iodate<bromate< thiocyanate < chloride < chlorate 
<nitratc<bromide<iodide<formate. There is a tendencv for ions 
of the highest valency to be most strongly adsorbed. That there 
are exceptions to this rule and that ions of the same valency are 
frequently adsorbed in widely varying amounts may be expected, 
since adsorb ability is a specific property of the ions, J. F. S, 

Attempt to Extend Planck’s Theory of Dilate Solutions. 

P. Boedkb {Ann^. 1920, fiv], 61, 334 — 352). — A theoretical 

paper in which Planck’s thermodynamical function is considered in 
connexion with binary liquid mixtures with the object of obtaining 
expressions which shall represent the equilibrium conditions of 
snch liquid pairs and give the saturation conditions. [See also 
Jahn, A., 1902, ii, 597.] J. F. S. 

Polymerism of Dissolved Binary Salts. P. Walden 
{ZtiUch. Elektrochem., 1920, 26, 60 — 65). — The molecular weight 
of a number of binary salts has been determined by the cryoscopic 
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method at a series of concentrations in non-ionising solvents. As 
solvents, acetic acid, naphthalene, and diphenylamine were used, 
^nd as dissolved substance, tetr a- amyl ammonium iodide, tripheuy]. 
araylphosphoniura iodide, tetrapropylammonium iodide, ammonium 
thiocyanate, tetramethyl ammonium thiocyanate, tetraethylam. 
monium bromide, ethylammonium chl(^de, and tetraethylammon' 
ium iodide. From the results it is shown that depolymerisation 
occurs according to the expression x = . const., that is, the degree 

of association is directly proportional to the linear concentration 
or to the distance between the molecules. The molecular weight, 
M, of the dissolved salt conditions the dimensions of the constant, 
since cc~0‘305Mi/ Vi or ,t =0- 305 J/i . Ci. The influence of the 
nature of fche solvent is shown by the fact that the degree of 
association x is inversely proportional to the dielectric constant B 
of the solvent, as shown by the expression x=l’02 *i/ M jEVi or 
x = \‘02 . MiCij E . In view of the influence of the dielectric 
constant in the depolymerisation, the author puts forward the 
question: Are the products of depolymerisation oppositely electriu 
ally charged according to the scheme : 

(MX)2 — (MX)’ -t { M X)' (M^X)’ + X'^ 2W + 2X' ? 

J. F. S. 

Influence o! the Molecular Size of Electrolytes on the 
Conductivity and the Ionic Velocity of the Ions : Solvation 
of Ions in Non-aqueous Solutions. P. Walden {Zeitsch. 
Ehktrochem., 1920, 26, 65 — 71). — It is shown that a large number 
of binary salts, mainly iodides, in a number of non -aqueous solvents 
follow the relationship 17.30 v/3/ = const. == 1M5, where is the 
limiting conductivity of a salt with molecular weight M in the 
solvent under investigation, and is the viscosity of the solvent. 
If these salts are regarded as normal, that is, neither associated 
nor solvated, it becomes possible to determine the degree of 
solvation of other salts with a fair degree of accuracy. As a 
control of the values obtained from the formula deduced by Herzog 
from Einstein's relationship (A., 1911, ii, 23), Xqo = 
may be used. Both equations give solvation values which are 
practically identical for the ions examined. J. F. S. 

Is the Migration Velocity of the Ions of an Electrolyte 
Extremely Large when the Solvent is Capable of Forming 
Similar Ions ? P. Walden {Zeitsch. ElehtrocUm., 1920, 26, 
72 — 76). — A theoretical paper in which the conductivity aad 
mobility of the ions of salts, which furnish one ion similar to one 
of the ions of the solvent, have been considered. The solvents con- 
sidered are pyridine, formic acid, acetic acid, aniline, m-cbloro- 
aniline, nitromethane, methyl thiocyanate, hydrocyanic acid, 
ammonia, formamide, and nitric acid. The results show that the 
titular question is to be answered in the negative, and that if there 
is any influence of the solvent on the dissolved substance in this 
respect, it only occurs in a few exceptional c^es. J. F* S, 
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Dissociating Powers ol Free and Combined Water, 

0 Fred Ordeman {Carnegie Inst. Pub., 1918, 260 , 119 — 127). — 
yhe conductivities of two isohydric solutions were measured, and 
t.]ie measurements repeated after the addition of a ^ third salt (in 
three different concentrations). The following series of salts were 
used: (a) isohydric solutions of ^/-potassium chloride and 0'695.1f- 
calcium chloride, before * and after the addition of sodium, 
potassium, ammonium, magnesium, calcium, or strontium chloride] 
^h) isohydric solutions of M-sodium chloride and 0‘597iJ/-calcium 
chloride, the addendum being sodium, ammonium, magnesium, 
calcium or strontium chloride, or potassium nitrate; (c) isohydric 
solutions of JI/-sodium nitrate and O’GSW-calcium nitrate, the 
addendum being sodium, potassium, ammonium, magnesium or 
calcium nitrate, or potassium chloride; (d) isohydric solutions of 
O'Sif sodium nitrate and 0'310ilf -calcium nitrate, the addendum 
bein? as in (c); (e) isohydric solutions of JSf- potassium nitrate and 
0 ‘ 698 .¥-calcium nitrate, the addendum being sodium, potassium or 
strontium nitrate, or potassium or sodium chloride. For every 
pair of solutions, the suppression of the conductivity is more pro- 
nounced in the hydrated solutions, showing that the added salt 
dissociates more in the non-hydrated solutions than in the com- 
parable, isohydric solutions of the hydrated salts. The repression 
of the ionisation of the hydrated salts added is much greater than 
that of comparable quantities of non-hydrated salts in both iso- 
hydric solutions of every pair studied. A few added salts, having 
no common ion, show irregular results. The combined water (of 
hydration) in the solution of a hydrated salt is assumed to possess 
less ionising power than the un combined water, hence the salt 
added would be less dissociated. The hydrated salts used as 
addenda are less dissociated than the other addenda, because the 
water of hydration now exists in both of any pair of solutions. 
The dissociation, however, is always less in the solution of the 
hydrated salt of any pair, because of the smaller dissociating power 
of the water of hydration already present in that solution. 

Chemical Abstracts. 

The Ultimate Structure of Tsomorphous Substances, 

F. Rinne {Gentr, Min., 1919, 161 — 172). — From the results of the 
X-ray analysis of the crystal structure of a number of substances, 
the author has calculated the absolute atomic or molecular volumes 
of the substances comprising a number of isomorphous series. The 
substances dealt with are the cubic elements aluminium, copper, 
silver, gold, and lead, the rhombohedral carbonates of magnesium, 
calcium, manganese, iron, zinc, and cadmium, and the haloids 
of lithium, sodium, potassium, rubidium, and ceesium. From a 
comparison of the Rontgen-ray diagrams of a large number of 
minerals, which are usually isomorphous mixtures, with those of 
pure substances, it is concluded that there is no essential difference 
between their structures; that is, the X-ray evidence favours the 
view that in isomorphous mixtures the dispersity is so great that 
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it is tighly probable that tbe vicarious constituents replace on^ 
another atom for atom or group for group in the lattice structure 
of the crystal. The importance for isomorphism of the cbeinical 
nature, and especially of the valency, of the vicarious atoms or 
atomic groups is insisted on. This factor is often of more import- 
anoe in determining isomorphism or miscibility than molecidat 
volume. Thus, in the case of the above elements, although the 
edge of the fundamental lattice is practically of equal length for 
aluminium, silver, and gold, and considerably less for copper, silver 
and gold are perfectly miscible together, but only slightly so with 
aluminium. In the case of the haloids of the alhali metals 
the miscibility varies with the temperature to a much greater 
extent than would he expected were the dimensions of the funda- 
mental lattices the ruling factor. The author regards the miffed 
crystal state as one intermediate between a physical mixture and 
a true chemical compound. E. H. "R. 

Von Weimarn's Theory of the Colloidal State. E. 

■Rpchn'Er and J. Kalff (JRer.. frmj. chm., 1920, 39, 135 — 144V— 
The authors consider that von Weimam^s theory of corresponding 
states in the formation of nrecipitates is untenable, Tbev show 
that his law giving the relationship between “tbe coefhcient of 
precipitation,” on which the form of the precipitate depends, the 
soluhilitv of the substance precipitated, and the amount of the 
precipitate formed is incorrect in the cases of such precipitates as 
calcium fluoride, barium fluoride, and calcium sulphate in com^ 
narison with barium sulphate, and in the cases of silver chloride, 
bromide and iodide, and lead iodide. Eurther, that in the case 
of such precipitates as aluminium hydroxide, the conditions cannot 
be expressed by anv formula. Whilst his theory may haye some 
value qualitatively, his law of corresponding states is not confirmed 
by quantitative experiments. W. G, 

Swelling and Solution of Aleuron. Mariav O. Hooker and 
Martin H. Fischer (KoIIoU Zeifsch., 1920, 26, 49— 58) .—The 
amount of swelling of aleuron (a mixture of plant proteins) 
occasioned bv water, dilute solutions of hydrochloric, nitric, 
sulphuric, lactic, formic, aud tartaric acids, hydrochloric acid mixed 
with various quantities of the chlorides of sodium, potassium, iron, 
aluminium, ammonium, copper, magnesium, calcium, and strontium 
respectively ; hydrochloric acid mixed with potassium bromide, 
nitrate, iodide, acetate, tbioevanate. tartrate, and citrate respec- 
tively: and hydrochloric acid mixed with carbamide, methyl 
alcohol, ethyl alcohol, dextrose, and sucrose respectively, has been 
measured. The amount of aleuron dissolved bv the above-named 
solutions has, also been determined. A similar series of experi- 
ments hw been carried out with sodium hydroxide solutions and 
with sodium hydroxide solution to which the above-named sub- 
stances have b^n added. It is shown that aleuron behaves, as 
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swelling and solution, in much the same way as gelatin, 
Qbrin, blood serum, and gluten. It swells more in acid and alkali 
solutions than in water, but the amount of swelling does not run 
parallel with hydrogen- or hydroxyl-ion concentration. The swell- 
ing is reduced, not only by neutralisation of the add or alkali, but 
also by the addition of neutral salts. The greater the concentra- 
tion of the added salt, the greater the reduction of the swelling. 
Xott-electrolytes do not influence the swelling in either add or alkali 
solution. The solubility of aleuron in adds and in alkalis is also 
greater than in water, but it does not run parallel with the swell- 
ing. Some salts increase the solubility, whilst others reduce it in 
both acid and alkaline solutions, but there is no parallelism between 
solubility and swelling. The results indicate that hydration and 
solution of an albuminous substance or mixture of albuminous 
substanoee, although often connected and often occurring in the 
same sense, yet are nob identical processes. Each follows its own 
particular laws. j, ^ 

Influence of the Concentration of Electrolytes on some 
Physical Properties of Colloids and Crystalloids. Jacques 
LoEB {J. Gen. Physiol.^ 1920, 2 , 273 — 296). — When alkali or 
neutral salt is added to a 1% solution of sodium gelatinate separated 
from distilled water by a collodion membrane, the rate of diffusion 
ia diminished. This depressant action is greater when the cation 
of the added electrolyte is bivalent than when it is univalent. 
When a neutral #/ 256-solution of a salt with univalent cation is 
separated from distilled water by a collodion membrane, and an 
alkali or neutral salt is added, the diffusion of water is also 
depressed in proportion to the amount added. It can be shown 
that under these conditions water diffuses through the membrane 
m the form of positively charged particles. In the case of the 
diffusion of water into a neutral salt^ with univalent or bivalent 
cation, the effect of the addition of electrolyte on the rate of 
diffusion can be explained on the basis of the influence of the ions 
on the electrification and the rate of diffusion of the electrified 
particles of water. Since the influence of the addition of electro- 
lyte seems to be the same in the case of solutions of metal 
gelatinate, the question arises whether this influence cannot also 
be explained in the ^me way, and, if this be true, the further 
(question can be raised whether this depressing effect necessarily 
depends on the colloidal character of the gelatin solution, or 
whether in both cases the same property of matter is not being 
dealt with, namely, the influence of ions on the electrification and 
rate of diffusion of water through a membrane. 

The curve representing the influence of the concentration of the 
dectrolyte on the initial rate of diffusion of water from solvent 
mto the solution through, the membrane is similar to the curve 
representing the permanent osmotic pressure of the gelatin solution. 
The diffusion of water as negatively charged particles into a solu- 
tiou of gelatin chloride is depressed by addition of an acid or 
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neutral salt. This is alae found to be true when the diffusioij 
takes place into a solution of il^/512>Al^Cl5. J. C. B. 

Influence of a Slight Modification of the Collodion 
Memhrane on the Sign ot the Electrification of Water, 

Jacques Loeb {J. Gen. Fhysid., 1920, 2, 255 — 271). — Collodion 
membranes which have received one treatment with 1% gelatin 
solution show for a long time afterwards a different osmotic 
behaviour from untreated membranes. This difference shows itself 
only towards solutions of those electrolyte which have a tendency 
to induce a negative electrification of the water particles diffusing 
through the membrane. When solutions of salts with tervalent 
cation are separated from water by collodion membranea treated 
with gelatin, water diffuses rapidly into the solution, whilst no 
water diffuses when the collodion membrane has received no gelatin 
treatment. Solutions of acid separated from water by treated 
membranes show negative osmosis, whereas with untreated mem- 
branes positive osmosis occurs. These differences only occur in that 
range of concentrations of electrolytes inside of which the forces 
determining the rate of diffusion of water through the membrane 
are predominantly electrical, that is, from 0 to about J//16. The 
differences in the osmotic behaviour of the two types of membrane 
are not due to differences in permeability, but are rather due to 
the fact that water diffuses into solutions of tervalent cations or 
acids through gelatin- treated membranes as negatively charged par- 
ticles, whilst in the case of non-treated membranes the charge is 
positive. Treatment of the membranes with caseinogen, egg- 
albumin, blood -albumin, or edestin has the same effect, but treat- 
ment with peptone from egg -albumin, alanine, or starch has no 
such effect. J. C. D, 

Colloidal Electrolytes. Soap Solutions and their Consti- 
tution. James W. MoBain and C, S. Salmon {Proc. Boy. Sec., 
1920, [A], 97, 44—65; J. Amer. Chem. Soe., 1920, 42, 
426—460),^ — Colloidal electrolytes are solutions of salts in which 
an ion has been replaced by a heavily hydrated multivalent 
micelle carrying an equivalent sum total of electric charges, 
and also serving as an excellent conductor of electricity. This new 
class of electrolytes probably includes most organic compounds con- 
taining more than eight carbon atoms, ani capable of forming 
ions, also acid and alkali solutions of proteins, dyes, indicators, 
sulphonates, soaps, alkali tungstates, zincates, tellurates, and 
silicates. The constitution of solutions of the sodium and potassium 
salts of behenic, stearic, palmitic, myristic, lauric, decoic, octoic, 
hexoic and acetic acids has been investigated. The vapour pressure 
and elevation of the boiling point have been ascertained by the dew- 
point method for solutions of the above-named salts at concentra- 
tions O' 2^ — 3‘OA. From the results, coupled with osmotic and 
conductivity data previously published (T., 1914, 105, 435), the 
concentration of crystalloid constituents and the concentration of 
colloid constituents are deduced. It is shown that, in A-solutions, 
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io ©very case colloid material is present; in the case of the hexoate, 
15% is present as colloid, whilst with potassium stearate, 99% is 
colloid- The amount of colloid decreases rapidly with decrease in 
concentration, and it apparently becomes inappreciable with iV'/5- 
laurate solutions. The ionic micelle are regarded as either (in the 
case of palmitate) an agglomeration of palmitate ions heavily 
^eit^hted by water as a complex solvate, (P^)„ . or, and 

more probably, a collection of all, or nearly all, the colloid in the 
ionic micelle, (NaP)* . J. F. S. 

Penetration ot Electrolytes into Gels. 1. Penetration 
of Sodium Chloride into Gels of A^ar-agar containing 
Silver Nitrate. Walter Stiles {Biochem. 1920, 14,58—72).— 
Xhe penetration of sodium chloride from solutions of various con- 
centrations {5N — O'OSiV) into agar gels has been followed by the 
indicator method. When silver nitrate is present in the gel, the 
entrance of sodium chloride into the gel is marked by the form- 
ation of silver chloride, and the progress of the chloride into the 
irel is indicated by the forward movement of the sharp line of 
demarcation between the silver chloride in the gel and the unpre- 
cipitated silver salt. The distance this line of demarcation has 
moved forward in any time is termed the penetration. It marks 
the position of a definite concentration of chloride, namely, the 
saturation concentration of silver chloride. The penetration of 
sodium chloride into agar gels containing silver nitrate is, within 
wider limits, proportional to the square root of the time. If P is 
the penetration in a time t, Pj \l f = constant for any particular gel 
and any particular concentration of penetrating salt, and is termed 
the penetration factor. The rate of penetration is dependent on 
the initial concentration of the penetrating salt, the higher the 
concentration of the salt the more rapid the penetration. The 
concentration of the gel itself appears to exercise little influence on 
the rate of penetration, but, owing to the probability of actions 
between the silver salt and the gel, and hence doubt as to the true 
active concentration of the silver salt in the gel, the influence of 
concentration of the gel must be left an open question. In any 
case, the influence cannot be great in gels containing between 
1 and 4% agar. The expression obtained by von Fiirth and 
Bubanovi^ (A., 1919, ii, 13) to indicate the relationship between 
the penetration, time, ^ and concentration of the penetrating salt 
only holds in very special cases and between narrow limits, and is 
even then only very approximate. The following more general 
empirical relationship is deduced, P j sJt^k\ogc-v¥ , where c is 
the initial concentration of the penetrating salt, h a constant 
depending on the nature of the penetrating salt and also, although 
to a slight extent, on the nature of the gel content, and a second 
constant depending mainly on the concentration of silver nitrate 
m the gel. j. p, g. 

Adsorptive Stratification in Gels. III. Samuel Clement 
Bradford {Biochem, 1920, 14, 29—41. Compare A., 1919, 
11, 139). — A discussion of the supersaturation and the adsorption 
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theory of the Liesegang phenomenoii in gels. The author supports 
the adsorption theory by a number of experimental facts. 'Itg 
formation of bands usually ceases long before the bottom of a tuto 
is reached. The hypotonic reagent is invariably so strong that 
this effect can only be due to the solute in the gel having been 
exhausted from the lower regions of the tube. This fact also 
controverts the deduction from the supersaturation theory, that 
the diffusion of the solute in the gel is negligible. 

With certain colloidal precipitates, such as manganese sulphide, 
in agar, a tendency is observed to form large spherical aggregates 
which have much the same structure and density as the bands, 
except that they frequently show concentric banding. When one 
of these spherical aggregates begins to form in the zone where a 
band will shortly appear, the band does not extend to join the 
sphere, hut a spherical cavity, 2 — 3 mm. wide, is left surrounding 
the concretion, from which the surface of the cavity is everywhere 
equidistant. This effect must be due to the solute having been 
exhausted from the neighbourhood of the aggregate. Its spJierical 
form implies that nutrient material has accru^ equally from all 
directions. JT. F. S. 

Mutual Action of Sols. Wilder D. Bancroft {J. Physical 
Chem., 1920, 24, 21— 29).— A theoretical paper in which it is 
shown that when positively charged gelatin is mixed with a 
negatively charged sol, or negatively charged gelatin with a posi- 
tively charged sol, there may be precipitation over a range of 
relative concentrations. When two sols, peptised by water, are 
mixed, the mutual adsorption may decrease the adsorption of water 
to such an extent that precipitation takes place. There may be, 
and often is, mutual adsorption when two sols having the same 
electrical charge are mixed. The mutual adsorption of positively 
charged ferric oxide and positively charged gelatin in ammonia 
solution gives a different product from the mutual adsorption of 
positively charged ferric oxide and positively charged gelatin to 
which ammonia is subsequently added, inasmuch as in the first 
case precipitation is brought about, whilst in the second there is 
no precipitation. J. F. S. 

[Physical Chemical Analysis of Metal Hydrosols.] An 
Explanation. Richard Zsigmondy (Kolloid Zeitsch., 1920, 26, 
67 — 69). — Polemical; an answer to Paulies criticism (this vol, 
ii,T68) of certain parts of a paper by Varga. J. F. S. 

R6le of Valency in the Coagulation of Suspensoids by 
Electrolytes. Wolfgang Ostwald {Kolloid Zeit&ch., 1920, 26, 
69 — 81. Compare this vol., ii, 168). — The various theories which 
have been put forward to explain the function of valency in the 
coagulation of suspensoids are summarised, and the precipitation 
values of a large number of electrolytes are collected from various 
sources and tabulated. From the absorption theory of Freundlich, 
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an expression is deduced which gives a quantitative relationship 
between valency and precipitating power. This has the form 
1 /Ci : 1 / ^ 2 : 1 • • . = 1 : 2 ” : 3” . . ,, in which Cp Cg, and Cg are the 

precipitating values of uni-, hi-, and ter-valent electrolytes, and n is 
a constant. It is shown that none of the theories hitherto put 
fonvard satisfactorily accounts for the coagulation of electrolytes. 
It is shown that the role of valency as the determining factor in 
coagulation processes has been considerably overestimated. This 
follows from the facts that ( 1 ) the precipitating values of electro- 
lytes of the same valency differ considerably, ( 2 ) univalent electro- 
lytes in some cases have smaller precipitating values than bivalent 
electrolytes, and (3) salts of different valencies fall into the same 
froup with respect to their precipitating values. J. F. S. 

Precipitation of Congo-rubin by Electrolytes. Wolfgang 
OsTWALD [Koll. chem. Beiheftc, 1920, 26, 92 — 102. Compare A,, 
1919, ii, 187, 400). — A continuation of previous work (loc. cit.). 
It is shown that the behaviour of Congo-rubin toward electrolytes 
in respect of Schulze's rule is exactly the same as that of inorganic 
hydrosols. The behaviour of Congo-rubin in respect of its colour 
changes in the presence of electrolytes is of the same nature and 
depends ou the same causes as the colour changes of inorganic 
hydrosols, for example, the colour changes of gold sols, or, in other 
words, the phenomenon is of colloidal chemical character. 

J. F. S. 


Equilibria in Solutions containing Mixtures of Salts. 
The System Water and the Chlorides and Sulphates of 
Sodium and Magnesium at 25°. W. C. Blasdale (/. Ind. 
bn^. (jhem.j 1920, 12, [ii], 164 — 167). — Previous work on this sub- 
ject indicates that the solid phases to be expected at 25*^ are 
iIgS0„7H,O, MgSOi^GHsO, Na^SO^lOH^O, Na^SO,, 

iIgC]..6H.,0, NaCl, and MgS 0 *,Na,S 04 , 4 }l ,0 (blodite). In 
l^certaining the limits of the fields representing the composition 
)f all the solutions which can be in equilibria with each of the 
jight solid phases, the composition of solutions saturated with 


'espect to MgS 04 , 7 H 20 , Na^SO^.lOH.O, MgCl 2 , 6 H 20 , and NaCl 
ras determined, and the ends of two axes at right angles, one to 
■epresent the relative proportions of MgSO^ and NaCl, and the 
itker of Na 2 S 04 and MgCl 2 , were fixed. The solubility of each of 
ae former four salts in solutions containing increasing concentra- 
lons of a second salt which yields a common ion was determined 
Ip to the point at which a second solid phase appeared, and thereby 
I number of points intermediate between the extremities of the 


'J-o axes, representing solutions in equilibrium with two solid 
luases, were fixed. Further, starting with solutions saturated with 
wpect to two solids, the composition of solutions saturated with 
aspect to each pair of solids, in the presence of increasing concen- 
ratioas of that salt which yielded a fourth ion, was determined up 
cxviii, ii. g 
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to the point at which a third solid separated. The results are 
shown in a curve, in which the horizontal axis is used to represent 
the number of mols. of MgSO^ and NaCl. and the vertical axis 
the number of mols. of MgCl^ and Na^SO,, per 1000 mols. of 
water, and Ublee are given showing the composition of all thess 
solutions which represent critical points. S. S. A. 


Reaction Isochore and Velocity of Reaction from the 
Statistical Pomt of View. M. Polanyi {Zeitsch, Eiektrockem., 1020, 
26, 49— 54).— A theoretical paper in which it i^hown that the 
velocity constant of a reaction of the type A + ^ AB + B 

endothermic direction is given by the product of the number of 
collisions and the equilibrium constant, and in the reverse direction 
it is the same as the number of collisions. These results are 
deduced from the assumption that it is just as likely after a collision 
between A and that the particles react, or that they are dis- 
persed without a reaction taking place. The results of the 
theoretical investigation are tested hy means of the experimental 
results of Bodenstein and land on the reaction Br + H 2 — > BrH-f H 
(A., 1907, ii, 76), and found to be in accordance with the experi- 
mental facts. ^ 


Influence of Pressure on the Temperature of Explosion, 

G, Tammann (Nach. Ges. TFiss. Gottingen, 1919, 220 224; from 
Ciem. Zentr., 1920, i, 146).~The explosive material is contained 
in a small glass tube open at one end, and is placed in a steel 
cylinder fdled with mercury ; the latter is connected with a spring 
manometer and pressure pump. The cylinder is heated in aa oil- 
bath provided with an efficient stirrer, the temperature of the hath 
being observed from minute to minute. Tables are given showing 
the rate of heating in degrees per ten minutes before attaining tli( 
temperature of explosion, the weight of explosive, the pressure anc 
temperature at which explosion occurs, the differences in pressurt 
before and after the explosion, and the sudden rise of pressurt 
during the explosion. The temperature of explosion of inmsi 
glyceryl nitrate varied somewhat considerably at constant pressure 
increase of the latter by 2500 kilos, per sq. cm, appeared to depr® 
the temperature of explosion by 8-4°, hut the variation lies withii 
the limits of experimental error. With dry glyceryl nitrate, t ' 
variations are less marked, but a distinct influence of the pre^ur 
on the temperature of explosion is not observed ; a similar effect 1 
still less certain in the case of a mixture of tetranitroraethan 
(2 mols.) and benzene (1 mol.). With tetranitromethane (2 mols^ 
and naphthalene (1 mol.), an increase in pressure of about 200 
kilos per sq. cm. causes an elevation of 5*7° in the temperature f 
explosion. The influence of pressure on the temperature of e- 
plosion of liquid explosives is determined by the effect of preMUi 
on the conductivity for heat of the material itself and its enviroi 
ment, and by alteration in the chemical-kinetic conditions, suck ' 
the increase in the number of molecular collisions caused 
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isothermal increase in pressure as a consequence of the increase in 
volume of the explosive. H. W. 

Difierence in Chemical Activity of Free and Semi-corn' 
bined Water as Illustrated by the EQect of Neutral Salts 
on the Hydrolysis o! Acetic Anhydride, GkraldC. Connolly 
iparnegit In&t. Pub., 1918, 260, 131 — 143). — In extension of the 
work of Holmes and Jones {ibid., 1915, 230) on the effect of salts 
on the hydrolysis of methyl acetate and methyl formate, the action 
of strongly hydrated and of slightly hydrated salts on the hydro- 
lysis of acetic anhydride has been studied with the object of deter- 
mining whether any chemical difference exists between free and 
combined water. Care being taken always to keep the water con- 
tent constant, O'SJf-, and O' 25 -solutions of various salts 
(potassium, sodium, calcium, magnesium, barium, and strontium 
chlorides, sodium and magnesium sulphates, potassium and sodium 
nitrates) at 15° and at 25° were treated with acetic anhydride, 
aliquot portions were removed at various intervals, and the acetic 
acid estimated. The amount of acetic acid present in mixtures of 
the acid and its anhydride was estimated by adding aniline and 
titrating the total acetic acid with sodium hydroxide. The con- 
centration of the anhydride was 5%, and in no case did the time 
exceed sixty minutes at 15° and forty minutes at 25°, since the 
hydrolysis by water was practically complete. 

All the salts examined, excepting sodium and magnesium 
sulphates, have in the case of the greater concentrations a retard- 
ing influence on the hydrolysis, the retardation diminishing with 
increasing salt dilution. The four non-hydrated salts have prac- 
tically the same retarding effect on the hydrolysis. The hydrated 
salts, excepting magnesium chloride, produce greater hydrolysis 
than the non-hydrated salts, and with the more dilute solutions 
there is an appreciable acceleration of the hydrolysis of the 
anhydride over that due to water alone. Sodium and magnesium 
sulphates at all concentrations have a marked accelerating effect 
on the hydrolysis. Calcium, strontium, and barium chlorides also 
exert an accelerating influence in the more dilute solutions. The 
results with magnesium chloride and sulphate were inconclusive, 
the foriner resembling the non-hydrated salts in retarding the 
hydrolysis at all dilutions. Chemical Absteacts. 

The Alkaline Hydrolysis of Tartaric Ester. Anton 
bKRABAL and Erna Singer {MmaUh., 1919, 40, 363— 3 75). —The 
fate of hydrolysis of methyl, tartrate by a mixture of sodium 
arbonate and sodium hydrogen carbonate has been measured, after 
the procedure necessary for the attainment of satisfactory results 
had been worked out in the case of methyl acetate. Referred to 

R]^ = 1 and at 25°, the constants for the first and second stages 
n the hydrolysis of methyl tartrate are /(:i = 206 and. /l> = 14'7 
respectively, whilst for methyl acetate A: = 5*4. J, K. 

8—2 
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Catalysis oi Hydrogsn and Oxygen Mixtures at the 
Ordinary Temperature by Moistened Contact Substances 
II. Tbe Platinum Metals as Hydrogen Carriers. K. a 

Hofma-nn and Lotte Zipfel [ Btr ., 1920^ 53^ [5], 298 — 3U. Co®^ 
pare Hofmann and Ebert, A., 1917, ii, 25). — The results mav }jt 
summarised in the following manner. 

Mixtures of oxygen and hydrogen are catalysed at palladium 
platinum, or iridium surfaces at very different rates, depending on 
the exact extent, at the moment, to which they are charged with 
gas. Pre- treatment with oxygen is thirty to fifty times as effectivf 
in the case of palladium, three times with platinum, and three tc 
ten times with iridium as is pre-treatment with hydrogen. Thf 
greater activity caused by charging with oxygen is not brought 
about by the adsorbed or occluded gas serving as a source for tht 
formation of water, since the amount of metal required for catalyse 
is insufficient to produce this effect, but depends on the productioa 
of a fresh hydrogen-metal combination, which, in the cases oi 
palladium and platinum, is far more active than an “ aged " pre- 
paration. The catalyst shows greater activity in proportion as this 
“fresh" condition is more rapidly and completely developed. Id 
the case of iridium, another factor is involved, since the metal, in 
presence of gases containing excess of oxygen, can function as an 
active oxygen electrode. 

The close parallelism between catalytic and electromotive activitv 
indicates that both effects are to be ascribed to the same cause. 
This probably depends on the presence of free or metallically- 
dissolved hydrogen atoms, which cause the hydrogen potential and 
ultimately combine with the oxygen of the gas mixture to form 
water. Under the experimental conditions adopted, an active 
oxygen electrode is only formed with finely divided iridium when 
the oxygen concentration is high; platinum and palladium behave 
entirely as hydrogen electrodes. 

The maximal velocity of formation of water is not invariably 
observed when the gases are used in the proportion of hydrogen 
(2 vols.) to oxygen (1 voL), but, according to conditions, may occur 
at a greater or smaller oxygen concentration, according as the 
catalyst becomes more or less rapidly saturated with hydrogen. If 
the catalyst can also function as an oxygen electrode, as in the case 
of finely “divided iridium, a second maximum may occur with a 
higher oxygen content in the gas. 

It may be generally stated that the surface does not show its 
greatest catalytic activity when hydrogen and oxygen are absorbed 
according to the measure of their (combination at an electrically 
neutral electrode, bub that the maximum possible hydrogen or 
oxygen potential must be “ freshly " developed in order to react 
with the gaseous mixture at the maximum rate. H. W. 


A Relation among the Atomic Weights of Chemical 
Elements. Suminosuke Ono [Vroc. Vkys. Math. Soc. Japan, 1919, 
[3], 1, 231 — 236). — The atomic weight (4.) may be given by a 
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formula, where tj=: 1*204 and is roughly equal to 

Moseley’s atomic number + 2 or Rydberg’s ordinals. For the more 
exact calculation of the atomic weight, N’’’ may become a more 
complicated function, and may be identical with neither the 
atomic numbers nor the ordinals. Chemical Abstracts. 


The Derivation of Molecular and Atomic Weightg from 
Vapour Densities in Chemical Teaching. W. Manchot 
{fheni. Zeit.y 1920, 44, 153 — 154). — An academic discussion on the 
most suiUble formulae for expressing the relation between mole- 
cular weights and gas densities with respect to water, air, and 
hydrogen in teaching chemistry. E, H R 


The Law of the Harmonic Triangle in Chemical Re- 
actions. Eduard Schmiz {Ber. Bent pharm. Ges., 1920, 30, 27-^33). 
—The numerical relationships shown in a previous paper to hold 
between the atomic weights of a number of the elements (A., 1919, 
ii, 460) are now shown to hold also between the atomic and mole^ 
cular weights of substances taking part in simple inorganic reac- 
tions. These relationships are those holding between the sides and 
hypotenuse of an isosceles right-angled triangle, the radius of the 
inscribed circle and that of the circle circumscribed about the 
squares erected on the sides of the triangle. It is claimed that, in 
simple cases, unless such a relationship holds between the molecular 
weights of substances, interaction between them cannot take place. 

E. H. R. 


Stracture of the Atomic Nucleus. E. Gbhrcke [Ber. Beut 
fhmkat Ges., 1919, 21, 779 — 784). — A theoretical paper in which 
the author formulates the constitution of the nucleus of the helium, 
lithium, gludnum, boron, nitrogen, and carbon atoms. The helium’ 
nucleus conrists of two electrons and four hydrogen ions. In the 
case of lithium, the nucleus consists of four electrons situated at 
the corners of a regular tetrahedron, and seven hydrogen ions 
situated one at the centre of gravity of the tetrahedron, one at 
each corner of the tetrahedron, and two in an orbit close to the 
fetrahedron and at some distance from the outer electron ring 
Ihis nucleus is capable of accounting for the doublet series of the 
ithnim sp^trum. Glucinum possesses a nucleus consisting of five 
Hectrons situated one at the centre of gravity and one at each of 
he corners of a regular tetrahedron, and nine hydrogen ions 
>iteated one in the middle of each of the edges of the tetrahedron 
the remaining three in an orbit surrounding the tetrahedron, 
m nucleus 13 capable of explaining triplet series of the glucinum 
iL ^ nucleus composed of six electrons situated 

™ each of the edges of a regular tetrahedron, and 

pbni Situated one at the centre of gravity of the 

if outside of each of the nuclear electrons, and one 

tetrahedron. The nucleus of catbon 
0 SIX electrons situated as in the case of boron, one in 
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the middle of each of the edges of a regular tetrahedron and twelve 
hydrogen ions, two of which are attached to each of the electrons. 
A nucleus bo constructed accounts for tte tetrahedral directions of 
the carhon valencies, since it will possess four electrostatic hues of 
force in these directions. Nitrogen is regarded as having a nucleii! 
composed of seven electrons and fourteen hydrogen ions, which are 
grouped into three helium nuclei in an orbit surrounding one 
electron with two hydrogen ions attached to it. Constructing 
further after the manner of nitrogen, the nucleus oxygen is 
regard^ as a ring of four helium nuclei, fluorine as four helium 
nuclei in a ring round an ion, and neon as a nng of four 
helium nuclei round a single helium nucleus. . F, S, 


Condition of Dissociation of the Gases of the Fixed Stars. 

John Eggert {Phydkal. Zeitsch.,^ 1919, 20, 
theoretical paper in which, on the basis of the Nernst heat theorem, 
the relationship between the dimensions of the chemical constants 
deduced by Sackur. Tetrode, and Stern, and the Bohr atomic 
theory, the degree of dissociation of the atoms into nucleus and 
electrons,' possible at temperatures between 10« and and 

pressures of 10^ atm., is investigated. The calculations show that, 
considerinof only one type of atomic model, the maximum dis- 
sociation would consist in the separation of the two ou^rmost rings 
of electrons, that is, of sixteen electrons. From this, it follows 
that the mean atomic weight of the gases of the fixed stars is 3*3, 
a value which is very near that (2‘8) deduced by Eddington in his 
theory of the structure of the fixed stars. J. F. S. 


Atomic Nuclei and a-Radiation. Hans Th. Woi.ff [Ann. 
Physik, 1919, [iv], 60, 685— 700).— A theoretical paper in which a 
theory of the structure of the atomic nucleus and the forces oper- 
ative in the nucleus is put forward. The nucleus has a disk-like 
form and is made up of concentric rings. With the exception of 
the outermost ring, thev consist of singly charged hydrogen atoms 
and doublv charged helium atoms, which are rotating round the 
middle point. Outside these charged atoms, in the outermost ring, 
rotate the electrons. The positive charges are assumed to exert an 
attraction on one another when thev are at certain distances apart, 
and thereby effect the stability of the nucleus. At small distances, 
however, a repulsive force becomes operative. On this assumption, 
it is shown that one of the two potential formulae, 

and P—L{\lR~A^\P^-vA^jU^), represents the reciprocal action 
of the positive charges in the atomic nucleus. Expressions are 
deduced for calculating the potential and field of force which a 
rotating charge will generate in a point in the same plane, but in 
a ring outside itself. The conditions of stability after movemen 
are worked out for a point which attracts a rotating charge accor - 
ing to either of the above formulse. Both potential formula are 
applied to the atomic nucleus of the radium atom, and the constan s 
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(jgtermined so that they are in keeping with th© expulsion of an 
radiation of the experimentally determined velocity. 

J. F. S. 

Analysis of an Electron-transference Hypothesis of 
Chemical Valency and Combination. Johv Mapshall (Proc. 

Soc. Edin., 1919, 39 , [3], 209— -233).— A mathematical in- 
vestigation of refractive indices based on the Thomson model atom, 
ill which account is taken of the effect of the positive electrification 
35 well as of the electrons, and of the fields of electrical action 
between the atoms of a molecule. The results are in moderate 
agreement with experiment. J. K. P. 

The Octet Theory of Valence and its Applications with 
Special Reference to Organic Nitrogen Compounds, 

Irving Langmuir (/. Amer. Chem. Soc., 1920, 42 , 274 — 292). — 
The octet theory of valence, which has been described in previous 
papers (Lewis, A., 1916, ii, 310 j Langmuir, A., 1919, ii, 506), is 
here applied particularly to organic nitrogen compounds, although 
the general application of the theory to inorganic nitrogen com- 
pounds and to salts is discussed. 

The number of available electrons in the outside shell of any 
atom is usually given by the ordinal number of the column of the 
periodic table in which the element is found. The number, which 
may be represented by E, corresponds with the maximum positive 
valence of the ordinary valence theory, and is one for sodium, four 
for carbon, five for nitrogen, six for oxygen, and seven for chlorine. 
It ia readily proved that the octet theory is entirely in agreement 
with the ordinary valence theory whenever the ordinary formulae 
are based on valences of unity for hydrogen and 8 — P for each 
other element. Thus the ordinary formulae agree with those of the 
octet theory whenever the following valences are adopted : hydro- 
gen, one; carbon, four; nitrogen and phosphorus, three; oxygen 
and sulphur, two; chlorine, bromine, etc., one. On the other hand, 
all formuIiB in which valencies different from these have been 
used require modification according to the octet theory. The appli- 
cation of the octet theory to the following compounds, among 
others, the formulae of which require modification, is particularly 
discussed: sodium chloride, Na+Cl” (the co-valence of both atoms 
iazero); ammonium chloride, (NH 4 )+C 1 " (the nitrogen is quadri- 
covalent); triphenylmethyltetramethyl ammonium, (NMe 4 )+[CPh 3 ]- 
(the nitrogen is quadricovalent, whilst the central carbon atom in 

the anion is tercovalent) ; diazophenol, j diazonium com- 

pounds, (R-NEN)'^OH~ or R-\rN*OH ; triazo-compounds, 
R-K = N=N; hydroxylamine, HaN-OR or H^N-O, 

According to this theory, all salts are completely ionised even 
before they are brought into solution. This conclusion is, more- 
over, in agreement with the recent work of Milner, Ghosh and 
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others; it explains why there are weak acids and weak bases, but 
no weak salts. 

The known cases of isomerism, including stereoisomerism, of nitro. 
gen, phosphorus, and sulphur compounds are in full accord with the 

octet theory. j 

The fact that organic cyanates, cyanides, and nitrites exist in two 
isomeric forms whilst the corresponding inorganic salts exist in 
only one form is explained, since the nulcovalent atoms of th? 
metals in the inorganic compounds are not attached to definite 
atoms of the acid radicles. ^ i r • 

The available data on phospbonium, arsonmm, sulphonium, and 
oxonium compounds are in full accord with the octet theory, which 
gives for these compounds constitutions closely resembling those 
previously assigned by Werner. H. W. 

Accelerated Filtration through Filter-paper. G. Bruhns 
[Chem. Zeit., 1920, 44, 207).— A filter-paper, folded in the usual 
way, is placed in a funnel, and the loose end of the three-fold layer 
is turned back and pressed against the side of the funnel; thia 
folding back is repeated several times, so that the greater part of 
the interior of the funnel is covered by only one thickness of paper. 
In the ordinary way of using a filter, one-half of the funnel is 
covered by a threefold layer of paper. W. P. S. 

Small Generator for Acetylene Bunsen Burners. 

P. Askenasy [Zeitsch. Elektrochem., 1920, 26, 32). — An acetylene 
generator is designed which with one charge of carbide will feed a 
large bunsen burner with acetylene for six. hours. J. F. S. 

[Lecture Experiment.] A Chemical Model of the 
Excitation Process. MaxVerworn {PflUger's Arckiv, 1917, 167, 
289 — 308). — A mixture of pure, vacuum-distilled nitric acid and 
40% formaldehyde solution possesses considerable lability, and will 
react with explosive violence by the action of certain stimuli. The 
reaction is an oxidative decomposition of the formaldehyde to 
carbon dioxide and water. The mixture will remain unchanged 
at ordinary temperatures, but on addition of nitrous oxide, colloidal 
platinum, or on warming there is first a latent period during which 
no change occurs, which is followed by the violent reaction. Cool- 
ing the mixture, or the addition of water, or a carbamide solution 
will inhibit the process. If the mixture is placed in a long tube, 
and one part is locally stimulated, the reaction will proceed along 
the whole tube in the form of a wave. The mixture is an "iso- 
bolio” system, and obeys the ‘'all or nothing” law, J. C. D. 
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Heat of Vaporisation of Hydrogen. \V. H. Keesom 
i^Uitsch. Smmtoff Siickstoff Ind., 1919, ii, 83; from Chem. 
Ztntr., 1920, i, 147). — Dewar has determined the heat of vapor- 
isation of hydrogen to be 1231Ki?; the author, however, gives the 
values 108’5— 113-2, the greater probability of which is supported 
by theoretical considerations. H. W. 

Crystallography of Ice, F. Rixne {Ber. Verk Sdchs, Ges. 

Math.-Nat. Kl,, 1917, 69, 57 — 62; from Jahrh. Min.^ 1919, 
Ref. 25— 27). “The Jt-ray photograph of ice on the basal plane 
shows dihexagonal symmetry with a:c-l:l'678, but does not 
Jecide whether the crystal is hemimorphic or not. Ice belongs to 
the magnesium type of the author's ‘‘isotypes” (A., 1916, ii, 29), 
M’ which a tabulated list is given. L. J. S. 

Vapour Pressure of Solid Bromine. Teofilo Isnaedi (Ann, 
Pkysikf 1920, [iv], 61, 264—272). — The vapour pressure of solid 
bromine has been determined at 0^, -10-9°, -15-o° and -21'1° 
Dy two methods : (1) a manometric method, and (2) by allowing th© 
rapour of bromine at measured temperature to fill a globe of known 
,'olume, condensing and weighing the liquid. The values obtained 
ire considerably higher than those determined by Ramsay and 
foung (T., 1886, 49, 453), except in the case of the value at 0*^, 
vhich lies very near to that of Ramsay and Young. The following 
■alues are obtained; 0°, 65“83 mm.; -10-9°, 35'37 mm.; -15‘5^, 
im mm.; and -21-1° 15-75 mm. Extrapolation of the vapour- 
iressure curve to gives values which agree very closely wdth 

■hose obtained by Cuthbertson by his optical method (A., 1911, 
i, 582). The triple point is calculated to lie at - 7-3° and 46*4 mm. 
iressure. The vapour pressure of solid bromine is given by the 
ormula logp-ajT -\-h\ogT + c, where the constants have the 
alues a= -7109-142, 5= -43-33195, and c = 133‘46929. The heat 
f sublimation is calculated to 60*7 cal. per gram. J. F. S. 

Revision of the Atomic Weight of Fluorine. E. Moles 
Q d T. Batuccas {J. Chim. Phys., 1919, 17, 537— 588).— See this 
ol., i, 283. 

Mass of the Litre of Air and Gas Mixtures. A. Leduc 
Srigineeriny, 1919, 108, 669). — A resume of the more important 
J the results published by Leduc {Trav. Mem. Bureau Internat. 
w i et Mesxires^ 16). Two gases, A and By both at pressure P 
Qd of equal volume, when mixed in double the volume have not 
16 same pressure as before mixing, but a pressure P-f e-fep where 
depend on the nature of the gases. If the two gases are 
iQilar chemically, (e-hej) is immeasurable, as, for example, is the 

8 * 
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case with a mixture of carbon dioxide and nitrous oxide, but m the 
case of hydrogen and sulphur dioxide the mixture has a pressure 
3 mm. greater than the pressure of the ronstituento. As regards 
the mixture of oxygen and nitrogen in the atmosphe^, e may be 
disregarded. The density of air has been detemined by direct 
weighing of air and from the weight of the constituent Pans 

air has the following composition by volume (carten dioxide and 
water vapour having been removed): oxygen, 0 2100 ; nitrogen, 
0-7806; argon, 0 0094; neon, lo x 10"®; ® ; hydrogen, 

1 X 10-« ■ krypton, 60 x 10-®, and xenon, 6 x 10-»; by weight: oxy- 
pen 0-2321- nitrogen, 0-7549; argon, 0-0130; neon, 8 4x10-*; 
Llium, 0 7 X 10-»; hydrogen, 0-07 x 10-«; krypton, 140 x 10-®; and 
xenon 30 x lO"*. The rare gasee, with the exception of argon, only 
affect the density of air in the fifth decima^l place. A litre o air at 
0° and 760 mm. weighs 1-2928 grams when- ^ = 980 668 , under a 
pressure of 1 megabar, if g is 980-97 and the density of mercury is 
13-5951, the weight is 1-2759 grams. Samples of air collected all 
over France and Algiers and at various ^ 

centage of oxygen varying between 23*Oo and 23-25%. The oxyg«ti 
percentage is lower in the north ? 

less oxygen close to the soil than at the height of foliage. J. P. S. 

Eguilibrium in the System Ammonia- Ammoniuin 

Thiocyanate. H. W. Foote and M. A. Hunter (/. Armr. Chm, 
Soc. 1920 42, 69— 78).— With the object of finding an absorbent 
other than water for free ammonia, the system ammonia-ammomnin 
thiocyanate has been investigated. The vapour pressure ^ 
ammonia-ammoniuTii thiocyanate mixtures has been determm^ 
bv passing ammonia at known pressure through a known weigh 
of ^monium thiocyanate until no further increase in weight 
occurred; in this way the vapour pressure of ammonia is knovu 
This was carried out at temperatures 0—40 . A further series of 
vapour-pressure measurements was made for saturated aqueous 
solutions of ammonia and ammonium thiocyanate at temperatures 
-78° to +20° and the following values obtained: -78 , 1 ram., 
-65°, 4 mm.; -50° 9 mm.; -34°, 21 mm., -23°, 34 rnm; 
-20°, 41 mm.; 0°, 107 mm.; and +20°, 225 mm. The solubility 
of ammonium thiocyanate in ammonia has been determined at tem- 
peratures from 0° to 50°, and the following composition of satur- 
ated solutions is obtained: 0°, 23-3% ammonia, '6-7% thiocyanate 
10°. 22-65% ammonia, 77-35% thiocyanate; 20°, 21*6% amraom 
78-4% thiocyanate; 30°, 20-15% ammonia, 79-85% thiocyanate; 40 , 
18'4% ammonia, 81-6% thiocyanate; 50°, 16-65% ammonia, 83 3o. 
thiocyanate. The specific conductivity of several solution at 0^ 
has been measured and the following values obtained: 75 
ammonia, 0*1979 ohms-i; 68-9 mol, % ammonia, 0-1640 ohms , 
63-3 mol. % ammonia. 0*1395 ohms-i; 59-7 mol. % ammoma 
0-1246 ohms-i; and 57-1 mol. % ammonia, 0*1110 ohms . i 
vapour pressures found are much lower than Raoult s law ^ ‘ 

The practical application of ammonium thiocyanate as an aoso 
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for ammonia has been considered, and it is shown that such an 
absorbent could be used in cases where it is necessary to eliminate 
vfater, and that a very large amount of the ammonia (98’ 1 — 99' 6%) 
would be easily recoverable. J. F. S. 

Catalytic Oxidation oi Ammonia to Nitric Acid. 

B. Neumann and H. Rose {Zeitsch. angew, Chem., 1920, 33,41—44, 
45 — 48, 51 — 55). — The authors have summarised the numerous 
process^ and research in connexion with the catalytic oxidation of 
ammonia, and contribute some further results of investigations. 
Highest yields are obtained with platinum at.SOO'^ (96%), ferric 
oxide at 670° (90%), and iron-bismuth oxide at 600° (95%). The 
influence of the ammania concentration, of the velocity of the 
gases, and of the temperature is discussed. Curves are given for the 
gas composition with various catalysts between 300° and 700°. 
Under definite conditions the oxidation will proceed (jontinuously 
without external heat. W. J. W. 

Vapour Pressure of Arsenious Oxide in Sulphuric Acid 
Solutions. R Schweks (/. Soc. Chem. Ind,, 1920, 39, 33— 34t).— 
In the contact process for the manufacture of sulphuric arid, the 
sulphur dioxide is washed by bubbling through sulphuric arid. 
Experiments were made to determine to what extent arsenious arid 
is removed from the sulphuric acid by the sulphur dioxide, since 
any appreciable amount so carried forward would have a serious 
poisoning effect on the catalyst In the experiments a measured 
volume of air was bubbled through sulphuric acid at 60° containing 
a known amount of arsenious oxide, and was then passed through 
a series of sodium hydroxide absorption tubes to collect any vola- 
tilised arsenic. The arid used contained, in two experiments, 
0'015% and 0'001% of arsenious acid, and in each case small but 
appreciable amounts of arsenic were found in the absorption tubes, 
the amount carried forward being proportional to the amount 
present in the acid, and more than sufficient to have a poisoning 
effect on the catalyst. E. H. R. 

Atomic Weights of Boron and Fluorine. Edgar F. Smith 
and Walter K. van Haagen {Carnegie Inst, Puh,^ 1918, 267, 
1—63). — Methyl alcohol obtained by the hydrolysis of methyl 
oxalate was used to prepare methyl borate, from which boric arid 
was produced by hydrolysis. The acid thus obtained and sodium 
carbonate gave borax, which was completely dehydrated by pro- 
longed fusion. The anhydrous borax, by treatment with the 
appropriate arid and repeated evaporation with methyl alcohol, 
was converted into sodium chloride, sulphate, nitrate, and carbon- 
ate, from the weights of which the atomic weight of boron was 
calculated. The anhydrous borax was also indirectly converted 
jJito sodium fluoride through the formate, the direct conversion 
oeing impracticable. 

The values obtained are 10‘900 for boron and 19’005 for fluorine. 

8*— 2 
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Tte boron vsilue is 1% lower than the accepted value, which is 
erroueouB owing chiefly to the retention, of water by borax, glass. 

Cheuigal Abstracts. 

The Combustion of Wood Charcoal with Nitric Acid. 

Friedrich C. G. Muller [Zeitsch. angew. Chtm., 1920, 33, 40).^ 
Wood charcoal was heated in a current of nitric acid vapour and 
the resulting gases were collected and analysed. The gases had 
approximately the following composition: CO^, 57'2%^ CO, 13'3%j 
Hj, 4*6%; Ng, 24'9%. The high carbon monoxide content and the 
presence of free hydrogen are noteworthy. It was observed that a 
considerable quantity of ammonia was present in the condensate. 
The production of ammonia is difficult to account for, as the reac- 
tion temperature was at least 1000^. E. H. R. 

Adiabatic Compression of Carbon Dioxide at High 
Temperatures. Kurt Neumann (Zeitsch. Ver. dent. Ing., 63, 
1002 — 1007; from Chem. Zentr., 1919, hi, 989). — The author has 
investigated the expansion of carbon dioxide which, enclosed in an 
insulated cylinder, had previously been heated to such a tempera- 
ture that partial dissociation into cajbou monoxide and oxygen 
had occurr^ (a phenomenon which is observed in internal combus- 
tion engines). During the expansion, combination of carbon mon- 
oxide and oxygen to carbon dioxide (after combustion) takes place, 
which has an important influence on the adiabatics. Expressions 
have been developed which permit the calculation of gaseous com- 
position, pressure, and volume at a definite temperature. H. W. 

Aqueous Solutions of Carbon Dioxide. Robert Strohecxeii 
(Inaug.-Diss, Marburg, 44 pp.; from Jdhrh. Mm., 1919, Ref. 1).— 
Carbon dioxide solutions are important agents in geological pro- 
cesses. The slow neutralisation of such solutions by various bases 
was investigated, with the idea of gaining some idea as to their 
constitution. It appears that carbonic acid is not such a weak 
acid as is generally supposed, the dissociation constant being much 
higher than is usually stated. The acid constant was determined 
as A’ = 44T0“^; it behaves, therefore, as an hydroxy formic acid. 

L. J. S. 

Fall in Pressure, Density, and Heat of Vaporisation of 
Argon. iC. A. Crommemn [Zeitsch. Saiierstoff Siickstojf hid., 
1919, 11, 81—83; from Chem. Zentr., 1920, i, 147).— The latent 
heat of vaporisation of argon at -18o-5° is found to be 69*411^. 
Values for the fall in pressure and density at numerous tempera- 
tures are given in tabular form. H. W. 

Surface Colours of Metals. G. Tammann [Nachr. K. G&s. 
Ihm. Gottingen, 1919, 225—236; from Chem. Zentr., 1920, i, H8). 
—Metals which yield surface colours become coated with a film of 
oxide, the rate of thickening of which, with the time can be esti- 
mated by the alteration of the surface colours. Certain metals 
yield similar colours with iodine vapour at the ordinary tempera- 
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ture, and these are particularly suitable for the experimental 
investigation of the laws governing the rate of formation of the 
surface layer. The isothermal rate depends solely on the coeffi- 
cient of diffusion of iodine into the layer of silver iodide covering 
the silver, and hence there is a parabolic dependence of thickness 
on time of action. The author’s theory, which is confirmed by 
experiment, is based on the same fundamental ideas as Nernst’s 
theory of solution. The actual chemical action occurs far more 
rapidly than the diffusion process, which, in the one case, leads to 
an attack of the reagent on the metal through a layer of con- 
stantly increasing thickness, whilst, in the other case, action occurs 
through a layer of constant thickness, since the deposit becomes 
detached. The quantitative relationships therefore depend on the 
different properties of the layers of reaction products. If crystals 
of iodine are placed in a desiccator over sulphuric acid, iodine 
vapour is observed which give surface colours with silver, copper, 
lead, and thallium; bismuth and antimony rapidly darken, and a 
fine, dark dust is deposited on their surfaces. Tin behaves simi- 
larly, but yields a yellow, incoherent layer. Small patches are 
formed within a few minutes on iron, cohalt, nickel, and manganese, 
and these, when removed from the desiccator, rapidly form droplets 
since the iodides are hygroscopic. Zinc and cadmium are more 
regularly, but much more slowly, attacked ; with chromium, action 
is doubtful. With metals which give surface colours, the rate of 
increase of the layer which causes the coloration can be determined 
if care is taken to keep the concentration of iodine vapour con- 
stant. For this purpose air is drawn through a definite iodine 
solution, and the surface colour is compared at definite intervals 
with a table which gives the relationship between surface colour 
and thickness of film. A strip of silver shows three different types 
of behaviour towards iodine according to whether it has been rolled 
and cleaned, has been melted and thus covered with large crystal- 
lites, or has been left unworked and thus covered with multitudin- 
ous, small, dendritic crystals. The surface colorations on copper 
are similar to those on silver which has been similarly treated. 
Since, however, the index of refraction of copper iodide has not 
been determined, the thickness corresponding with the colours of 
the corresponding layers of air cannot be calculated to actual thick- 
nesses of iodide film. In many regions of temperature, the rate 
of increase of the superficial layer is independent of the tempera- 
ture; this is true in the case of steel, for which the author gives 
calculations ba'^ed on Lbwenherz’s experiments. H. W. 

Segreg:ation Dispersoids in Anisotropic Media. Wilhelm 

Eitel {Cervtr. Min., 1919, 173— 183V — When homogeneous mix- 
tures of sodium and potassium chlorides are cooled rapidlv from a 
kjgh temperature, metastahle, homogeneous mixed crystals can be 
obtained which, however, when maintained for some time at a suit- 
able temperature, decompose into the constituent salts, the crystals 
becoming opaque. This phenomenon has beep investigated by the 
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ultramicroscopio m^hod used by Lorenz and Eitel for the exam- 
ination of metallic fogs in crystals of the corresponding chloride 
(A., 1915, ii, 260, 261). A complete series of mixtures of tlie two 
salts was examined, and it was shown that the segregation of the 
iiixture can be optically demonstrated under the ultramicroscope 
through the gradual formation of a f(^ or fine dispersoid phage 
at a temperature of about 250®. A number of photographs are 
reproduce. E. H. R. 

' Solidification Points of Mixtures of Metallic Chlorides. 

Feed. C. A. H. Lantsberrx and R. A. Page (J. Soc. Chem. Ind‘ 
1920, 39, 37 — 41t). — The authors have determined the freezing- 
point curves of the three binary mixtures and one ternary mixture 
comprised in the system sodium chloride-potassium chloride-calcium 
chloride by the cooling method, that is, plotting the cooling curve 
of a mixture of known composition and noting the arrest paint. 
In the sodium chloride-potassium chloride series the components 
form a continuous series of solid solutions ; the lowest melting mix- 
ture contains 55% KCl and 45% NaCl, and solidifies at 650®. The 
curve for the sodium chloride-calcium chloride series shows a very 
sharp minimum at 72'5% CaCU and 27 ‘5% NaCl; the correspond- 
ing freezing point is 505®. The potassium chloride-calcium 
chloride series is more complicated. The curve shows two distinct 
eutectic points and a maximum between them at about 70% CaCh. 
The maximum corresponds with a freezing point of 725® and repre- 
sents the formation of a compound, 2KCl,3CaCl2. The eutectic 
between the compound and CaClj, freezes at 608® and contains 
17’5% KCl, whilst that between the compound and KCl freezes at 
590® and contains 60% KCl. The results do not confirm the work 
of Menge (A., 1911, ii, 982), who reported the formation of a com- 
pound, tNaCbCaClg, in the sodium chloride— calcium chloride series. 
Freezing-point determinations were made on a series of forty-ane 
ternary mixtures, and the results are plotted on a triangular 
diagram in which the isothermal lin^ are shown. There are two 
ternary eutectics, one containing 70% CaCl^, 25% NaCl, and 6% 
KCl, freezing at 495®, the lowest in the series, the other contain- 
ing 30% CaCU, 20% NaCl, and 50% KCl, freezing at 530°. 

E. H. R. 

Additive Products of Sulphur Dioxide and Alkali Iodides 
(Alkali iodide Sulphones). Fritz Ephraim (Bcr., 1920, 53, [S], 
118). — The alkali iodides absorb varying proportions of sulphur 
dioxide (A., 1916, ii, 614), whereas Forcrand and Taboury have 
recently stated that sulphones of the type MI,3SOo su'e produced 
(A., 1919, ii, 341). J.C. W. 

The Dissociation of Ammonium Carbamate. C. Matigkon 
and M. FbAtacques (Compt. rend., 1920, 170, 462— 464 ) .—The 
values obtained by Naumann (this Joum., 187j, U95) for the dis* 
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sociM'ion pressuree of ammonium carbamate over tbe temperature 
range -15® to +60° may be expressed by two equations; 

logp=-3-635/T-7-045 logr + 28-692 
and logp=-4-821/7’-15*41ogr+53’3586. 

Measurements made at 81® and 93®, where the pressures are several 
atmospheres, confirm the accuracy of th^e equations. Calculations 
made by means of these equations give the heat of dissociation of 
ammonium carbamate, at constant pressure, aa —39 0 cal., which is 
in close agreement with the value previously found by experiment 
(compare Matignon, A., 1908, ii, 465). W. G. 

Growth Phenomena of Copper, Silver, and Gold. 

A. Beutell (Centr. Min., 1919, 14— 28).— When natural or arti- 
ficial silver sulphide is heated in an evacuated sealed tube for 
several days at a temperature of 350 — 600° a certain amount of 
decomposition tabes place. The small amount of silver formed 
seems to wander through the silver sulphide, appearing at the 
cooler end of the tube in the form of hair silver. A number of 
experiments which were made showed that neither silver foil nor 
hair silver is attacked by sulphur vapour in a vacuum at 450®; 
the metal remained bright after forty-eight hours. Silver foil 
heated alone in a vacuiun for a long period at 450 — 585° showed 
no trace of the growth of hair silver, but when silver foil and silver 
sulphide were heated together at 450® remarkable growths were 
obtained in a comparatively short time. To obtain these growths 
it is necessary for the silver and the silver sulphide to be actually 
in contact. Similar growths of copper were obtained by heating 
together copper and cuprous sulphide, but the process was much 
slower. When silver selenide or telluride was used in place of 
the sulphide, similar growths of silver were obtained, and hair 
copper was obtained to a certain extent with copper selenide and 
telluride. With gold, the best r^ults were obtained when gold 
telluride containing silver was heated with silver foil. After seven 
days’ heating at 500®, growths of ‘"moss” gold containing silver 
had appeared at the cooler end of the tube. E. H. H. 

Action of Water on Strontium Sulphide. E. Terres and 
K. Bruckner (Zeitsch. Elektrochem., 1920, 26, 25— 32).— The 
action of water on strontium sulphide has been investigated. It is 
shown that the reaction in this case differs materially from the 
reaction in the case of barium sulphide (see following abstract). 
In the present case the reaction takes place between two molecules 
of water and two molecules of sulphide with the formation of equi- 
molecular quantities of strontium hydroxide and strontium hydro- 
sulphide: 2SrS + 2H20 = Sr(SH )2 + Sr(0H)2. The hydroxide and 
bydrosulphide, in consequence of their widely differing solubility, 
uiay be completely separated by crystallisation. When strontium 
sulphide is extracted with hot water and the clear filtrate cooled, 
pure strontium hydroxide crystallises. The solubility of strontium 
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hydrosulpliide lias been determined at temperatures 0 100°, and 
the following values obtained in grams of the anhydrous compound 
per 100 grams of water; 0*^, 27'5 ; 20°, 29*7; 40°, 31‘6; 60°, 33*2; 
80° 35‘6; 100°, 37*8. The solubility of strontium hydroxide and 
strontium' hydrosulphide in the same solution has been determined 
over the range 0—100°, and it is shown that no mixed compound 
is formed and that the hydroxide and hydrosulphide are in equili- 
brium with one another at all temperatures. Hence strontium 
hvdroxide may be prepared by direct crystallisation of the solution 
obtained by the action of water on strontium sulphide. J. F. S. 


Action of Water on Barium Sulphide. E. Terres and 

K. BuCcknek {/jcHsch. FJeldrochem,, 1920, 26 , 1—24). — The con- 
ditions influencing the formation of barium hydroxide from barium 
sulphide are experimentally investigated.^ A long list of patents 
and investic^ations is given with short critical remarks, A number 
of processes are repeated which are based on the action of water 
on barium sulphide and in which the crystalline product is worked 
up to barium hydroxide either by crystallisation or by treatment 
with metallic oxides. The results confirm in many cases the pub- 
lished accounts. The concentration of the solution and the com- 
position of the residue, obtained by extracting barium sulphide with 
water at various temperatures, are investigated. The content of the 
solution of barium hydroxide and barium hydrosulphide increases 
rapidly with increasing temperature. The solid residue consists 
to the extent of } of barium oxide. The solutions contain equal 
molecular quantities of hydroxide and hydrosulphide, so that it 
would appear as though in the presence of one another these sub- 
stances had the same solubility in water. The action of barium 
hydroxide solution on barium sulphide shows, however, that the 
solution is not saturated with barium hydroxide. Hence it would 
seem that the solution is saturated with an intermediate compound, 
either an hydroxyhydrosulphide or a double compound of barium 
hvdroxide and barium hvdrosulphide, but it is not saturated with 
the components of this double compound. The solubility of barium 
hvdrosulphide is determined from — 15° to 100°. It is shown that 
the intermediate compound is formed when barium hydroxide and 
barium hvdrosulphide are mixed in definite proportions, and that 
the maximum quantity of the compound is precipitated when 
twen tv -seven molecules of the hvdrosulphide are mixed with one 
molecule of the hydroxide; also the greater the excess of hydro- 
sulphide the purer the precipitated double compound. The double 
compound may be expressed by one of the formulae 
OH-Ba-SH.SHp 

or Ba(OH)o,Ba(SH)o,10H,iO. Experiments on the solubility of the 
intermediate comnound show that the solution contains the com- 
ponents in very different proportions to the solid substance, that i9, 
the undissolved residue contains an excess of hydroxide. The inter- 
mediate compound is shown to possess a considerable stability 
except towards oxidisipg agents, and theye is no considerable decoii^* 
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position by wat-er either with or without pressure or even by 
alkalis. The compound in relation to the hydrosulphide possess^ 
a very small hydrogen sulphide pressure. For these and other 
reasons the author allots the formula 0 H‘Ba*SH, 5 H 20 to this 
compound. The solubility of barium hydroxide and barium hydro- 
sulphide simultaneously has been determined from the cryohydric 
point to lOO*^. At all temperatures the region of existence of the 
double compound lies between those of barium hydroxide and 
barium hydrosulphide. The two simple compounds, therefore, can 
never exist together in the same solution, but must combine to 
form the intermediate product. It also follows that pure barium 
hydroxide can never be crystallised from the solution obtained by 
the action of water on barium sulphide. J F S 

Solubility of Zinc in Cyanide Solutions. H A White 
(/. Chem. Met, Min, Soc, S, Afnca, 1919, 20, 97— 101).— From the 
results of an investigation made to determine the effect of various 
practical conditions on the solution of zinc during the precipitation 
of gold from cyanide solutions, it is concluded that close regulation 
of cyanide strength, alkalinity, and aeration of the aurrcyanide 
solution IS necessary if the consumption of zinc is to be kept within 
reasonable limits. The ideal of a zinc consumption corresponding 
even approximately with the amount of gold precipitated appears 
^ ftUined. [For further details, see J. Soc. Chem 
hi, 1920, April.] ^ ^ j, 

Attempt to Determine if Common Lead could be 
Separated into Isotopes by Centrifuging in the Liquid State 

J. JoLY and J. H. J. Poole (Phil. Mag., 1920, [vi], 39, 372-375). 
-Molten lead has been centrifuged at a rate of 9000 revolutions 
per minute in electrically heated steel tubes for periods of one 
hour. The top and bottom layers were then withdrawn and cast 
into pellets, and the density determined. Although small differ- 
ences between the density of the two layers are observed, they lie 
inside the experimental^ error, so that the experiments furnish no 
endeiice that a separation of the isotopes has been effected. 

J. F. S. 

Centrifuging certain Alloys while in the 

b l H- J- (Phil, Mag,^ 1920, 

L J; 376).— Usmg the metnod described above (see pre- 

silver-lead alloys could not be 
ppreciably separated by centrifuging, but lead-tin alloys could be 

containing '82% of 

ad and 18% of tm the top layer was 1-8% lighter than the bottom 
>a)er after centrifuging. J P S 

R?® on Lead. J. F. Liverseege and A. W 

\i,rTr 27-33T).— The experiments 

on the action of water on lead were mad© with the 
collected in the Caban reservoir, Elan Valley, Wales, for 
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the use of Birmingham. These waters have a slight alkalinity, due 
to hydrc^en carbonates, etc., equal to about 0*3 part CaCO^ pej- 
100>000. The action of such waters, and generally of watera the 
alkalinity of which does not exceed 1*5, is erosive. The whole 
surface of the lead is attacked and a flocculent precipitate forms, 
which, becoming detached, leaves the surface of the lead bright but 
mottled. When the alkalinity is increased to 1*5— 2*5 the action 
becomes corrosive, and a loosely-held, white, opaque crust forms 
here and there on the surface. With still greater alkalinity the 
lead almost invariably becomes covered with a dull white film, 
which appears to act as a protective coating. The erosion tests 
were made by the method of Houston, in which a dean strip of 
lead of standard size is immersed in the water in a test-tube, air 
having free access. The amount of lead eroded is determined 
colorimetrically as sulphide. It proved possible to carry out the 
test in one day. It was found that snch variations as occurred 
naturally in the amount of oxygen present in the water had no 
appreciable eSect on the erosion. Variations in the amount of 
water used did not affect the amount of erosion, but the greater 
the depth of immersion of the lead the smaller was the velocity 
of attack. Exposure to glass lowered the erosive ability of the 
water. Erosion readily occurred in waters free from carbon 
dioxide, and small variations in the carbon dioxide content had no 
appreciable effect. The presence, however, of from 1 to 2% of 
carbon dioxide by volume caused a sudden change from erosion to 
'' plumbo-^^olvency,'^ that is, the lead precipitate no longer appears 
but soluble lead hydrogen carbonate is formed. Carbon dioxide 
dissolves lead more rapidly in presence of oxygen than alone. It 
is concluded that, given oxygen present, the principal factor in 
determining both amount and kind of erosion is the alkalinity of 
the water. The addition, of small quantities of calcium hydroxide, 
carbonate, or hydrogen carbonate or of potassium permanganate 
decreases erosion, but calcium hydrogen carbonate is most effective; 
erosion occurs in absence of bacteria. It was observed that the 
bacteria in the water are not all destroyed by exposure to lead 
for six hours. E. H. R. 

The Alloys of Copper, Zinc, and Nickel. Guiilbt 
{Compt. rend,., 1920, 170, 460 — 462). — Brasses containing nickel, 
in which the copper content falls to 40% and even less and the 
nickel content rises to 15%, are of particular interest because of 
their mechanical properties. Their breaking strain varies from 
45 to 75 kilos. /mm.2 with elongations of 45 — 18%. They are 
readily malleable at high temperatures, and in colour and resist- 
ance to oxidation they are comparable to German silver. W. G. 

Compressibility of Indium. Theodore W. Richards and 
JiTSUSABURo Sameshima (/. Amcr. Chem. Soc., 1920, 46, 49—54). 
—The compressibility of indium has been determined over the 
pressure range 100 — 500 megabars. The measurements were 
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it 25°# temperature indium has a density 7'318. The 

jneaaurements were carried out by the usual method, but instead 
of a steel piezometer, as previously used, a small glass one was 
made use of in the present work. It is found that the compreasi- 
(ji)ity of indium over the range examined is 0-0000027, or about 
two- thirds that of mercury. 

The Limits of the Combining Power of Silicon with 
certain Metals of the Iron Group. A. SANrouRcnE (Hev. 
}ftt} 1919, 16, 239— 245 ' from Chem, Zentr., 1920, i, 149—150),— 
The uncertainties in the literature concerning the combining power 
of silicon with members of the iron group are frequently to be 
ascribed to faulty methods of analysis consisting in the treatment 
of the alloy with alkaline reagents to effect removal of the excess 
of silicon and isolation of the alloy richest in silicon from the 
residue. Actually, the persilicated compounds are frequently 
attacked in the circumstances, whilst removal of the free silicon 
enclosed in the alloy is frequently incomplete. In addition, the 
combining power of silicon with iron and related substances is 
not a constant quantity, but depends on various factors, notably 
on the excess of free silicon. In ferrosilicons, the lower limit of 
combining power lies at 55*55% Si, corresponding with the formula 
Fe^Si^, the upper limit at 60% Si corresponding with FeSig. With 
manganese-silicon alloys the limit lies between 46-70 and 50-11% Sij 
the upper value is here obtained with 8% of free silicon, whilst for 
iron, in similar circumstances, a 2% excess of silicon suffices. The 
higher limit approximates to the formula MnSig, so that this com- 
pound may be regarded as having the highest possible silicon con- 
tout j the lower limit does not correspond with a definite compound, 
whilst the substance MnSig appears to require the presence of a 
sufficient excess of silicon to prevent its dissociation with liberation 
of this element. The influence of silicon is also very noticeable 
with cobalt silicon alloys; as it increases from 0% to 6% the com- 
hining power increases from 50% to about 53%. Neither limit 
corresponds with a definite chemical compound; the simple formula 
to which they most closely approximate are CoSi^ (48-7% Si) and 
Co^Sis (54*26% Si). With nickel-silicon alloys the limits of com- 
bining power are most widely separated (39 — 45%); in this case 
also a definite compound is not indicated. The upper limit is only 
attained in the presence of at least a 10% excess of free silicon. 

The method of analysis consists in the estimation of total silicon 
by treatment with alkali carbonate and of uncombined silicon by 
removal of the combined element as silicon tetrafluoride by treat- 
jnent with pure hydrofluoric acid . Combined silicon is estimated 
by difference. 

The author is led to the conclusion that compounds of the iron 
^roup rich in silicon tend to dissociate partly into free silicon and 
V well-defined compound of silicon and the metal : 

^ -z 4- Sig . Stabilisation occurs in the presence of a 

sufficient excess of silicon, but, if this is present in quantity only 
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sufficient to form the compound, a certain amount of it^pa^s into 
the free condition (in solution) and eo depresses the cabining 
power. 

Form of Ultra microscopic Platinum Particle. EicaiRo 

Cans and Ricardo Calatront {Ann. 

465 — 470).*-Using platinum sols prepared both by th© Bredig 
process and by reduction of chloroplatimc acid with hydr^ine 
hydrate in the presence of the sodium salt of protalbic acid a. 
protecting colloid, the authors have measured the absorption for 
the four helium lines AX 6678, 5877, 5010, and 4472 A. units. To 
ensure uniformity of the particles and to remove aggregates, the 
solutions were filtered through collodion ultra-filters which con- 
tained 0-5— 1-0% of acetic acid. The results show that as m the 
'rof silver and gold amicrons (A. 1912, ii 508; 1915, ii 390), 
the platinum amicrons are spherical in form (see also Diesselhor^t 
and Freundlich, FhijM. Zntf^ch., 1916, 17, 117). J. F. S. 
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The Composition of Coal. The Behaviour of the Con- 
stituents of Banded Bituminous Coal on Coking. Rudolf 
Lessing (T., 1920, 117, 247 256). 

The Composition of Coal. The Mineral Constituents of 
Banded Bituminous Coal. Rudolf Lessing (T., 1920. 
117, 256—265). 

Villamaninite, a New Mineral. AV. R. Schoej.lrr and 
A. R. Powell {Min. Mag., 1920, 19, 14— 18).— As black, crystal 
line grains and small nodules, this occurs disseminated plentimJh 
in a matrix of white, crystalline dolomite, which contains also some 
iron-pyrites, copper-pyrites, and quartz. It is from the Caraeiie^ 
mines, near Yillamanin, prov. Leon, Spain. Material isolated bv 
dissolving away the dolomite matrix is seen to consist 
groups of rough crystals which show the forms of the cube an 
octahedron. The cube faces show a peculiar rounding, and it i? 
these faces that form the bright convex and concave surfaces of tae 
nodules. These nodules, never more than sectors of spheres, arc 
due to the subparallel aggregation of crystals. The colour 
black with dull metallic lustre, and the streak is sooty-bM, 
H = 4L The mineral is soluble in nitric acid, leaving a g^uie o 
sulphur. Heated in a bulb-tube it gives a sublimate of snlpbiir 
and selenium, and it bums in the air with a blue flame, 
is of hand-picked, nodular material; II, of acid-cleaned noun a . 
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III crystalline; and IV, of acid-cleaned unsort-ed. 

arsenic, bismuth, lead, and zinc: 


S. 

I. 49-00 

II. 49-13 

III. 49-63 

IV. 47-27 


Se. Cu. 

1-64 17-65 

1-44 18-51 

0-88 22-13 

0-88 19-48 


Ni. Co. 
18-19 7-45 

18-24 7-24 

15-94 6-30 

15-53 6-79 


Fe. SiOa. 

4-39 0-88 

4- 17 0-34 

5- 11 0-22 

6- 00 3-80 


Total. Sp. gr. 
99-10 — 

99-07 4-433 

100-21 4-523 

99-75 — 


The atomic ratios (S + Se) : (Cu + Ni + Co + Fe) = 1-953, 1'936, 
and 1'904 for analyses I, II, and III respectively, approximating to 
the disulphide formula, (Cu,Ni,Co,Fe)( 8 , 80 ) 2 . The presence of 
copper, nickel, and cobalt in a disulphide is discussed. L. J. 8 . 


The Structure and Symmetry of Anatase, Rutile, Zircon, 
and Xenotime. A. Johvsen [Gentr. Mm., 1919, 97 — 105). — 
Crystals of these minerals have been investigated by the A-ray 
method by Vegard (A., 1916, ii, 405, 593), who came to definite 
eonclusions regarding their inner structure. Vegard’s structures 
have been critically examined by the author, who finds that, whilst 
those of anatase, rutile, and xenotime are tetragonal holohedral, 
that of zircon must belong either to the hemimorphous hemihedral 
or to the hemimorphous tetartohedral class. Experiments on the 
pyro- and piezo-electric properties of crystals of zircon are desirable 
to test the point. E. H. R. 


Dolomite from Leogang, Salzburg. 0. GnosspiETscn {Tsch. 
Min. Mitt., 1917, 34, 68 — 70; from Jahrh. Min., 1919, Ref. 274). — 
Blackish-grey crystals with the form of acute rhombohedra gave: 

{CO 2 f trace 

of S). FeO. CaO. MgO. Total. Sp. gr. 

47-53 1-63 29-66 2M8 100-00 2-889 

The sulphur is due to admixed pyrites. L. J, 8. 

A Singly Refracting Potassium Aluminium Sulphate of 
the Alunite Group. E. Ramaxn and A. Spengel (Centr. Min., 
1919, 35 — 37). — Among the decomposition products of the rocks 
of the Solfatara di Puzzuoli, Naples, has been found a potassium 
aluminium sulphate having the composition 
K20,3ALPa,4S04,6H20. 

It seems to have been, formed by the action of sulphuric acid on 
the volcanic rock, and occurs, mixed with sulphur and silica, in the 
form of very fine particles, O' 001 to 0‘002 mm. in diameter. It is 
singly refracting, but whether it is amorphous or belongs to the 
regular system it is difficult to say on account of the small size 
ind rounded form of the particles, E. H, R. 

Brannerite, a New Uranium Mineral. Frank L. Hess and 
Roger C. Wells (7. Franklin Inst,, 1920, 189, 225 — 237). — This 
is found as grains and rough prisms (tetragonal or orthorhombic?) 
in gold placers in Stanley Basin, central Idaho. The fragments 



ii. 268 abstracts ob chemical papers. 

have a thin, hrownish-yellow crust, but inside the bhl- 

liant black with conchoidal fracture. Opaque; sWI^ dark 
greenish-brown; H, 4|. Thin splinters transmit yellowish-green 
light, and are optically isotropic; rt^j = 2‘26, «vr, - 2'30i0‘02; 
D 4 - 5 _ 5 - 43 ; fragments of higher density are more strongly radio- 
active. The mineral is slowly decomposed by concentrated sul- 
phuric acid and by hydrofluoric and sulphuric acids. For ths 
analysis it was fused with hydrogen sodium sulphate. Details are 
given of the method of analysis; titanium and uranium were sepa- 
rated by hydrolysis. In determining the state of oxidation of the 
uranium, the iron was assumed to be all ferrous, and this introduces 
a difficulty in deducing a formula. Other determinations of iron 
gave on unselected material Fe^Os 3-7%, and on the best selected 
material Fe^O. 3-0 or FeO 2*7%. The least radioactive material 
contained TiO^ 35'0%. Analysis hy R. C. Wells (also traces Fe^Oj, 
AI2O3, P 2O5) '■ 


SiOj. 

TiOj. FeO. 

, CaO. 

UOj. 

UO 3 . 

ThOj. 

Cej 03 . 

YtjOj, etcj 

0-6 

39-0 2-9 

2-9 

10-3 

33-5 

4-1 

nil 

3-9 

ZrOj. 

PbO. 

BaO. 

SrO. 

H^O. 

CO 2 . 

Total. 

Sp.gr. 

0*2 

0-2 

0-3 

0-1 

20 

0-2 

100-2 

5-42 


This analysis gives the ratios 9RO, Yt 203 , SROg, IIDO 3 , 46Ti02, 
10Hr,O. Written as a metatitanate, the formula is 

6 (Ca,Fe,U 0 ,Ti 0 )Ti 03 -+- 8 (Th,Zr,XJ 0 )Ti 20 n + Yt^Ti^Og 3H|>0. 
Many analyses of complex uranium minerals are tabulated. Bran- 
nerite contains more uranium than any, with the exception of 
pitchblende. It appears to be nearest delorenzite (A., 1908, ii, 604). 
but contains less titanium and rare earths. L. J. S. 


Crystal Structures o! Wulfenile and Scheelite, Roscoe 
G. Dickinson (/. Amer. Chem. iSoc., 1920, 42 , 85— 93).— The 
X-ray spectra of several planes of wulfenite (PbMo 04 ) and scheelite 
(CaWOj) have been measured and tabulated. For wulfenite the 
following values of and sin|<^n are obtained, together with the 
intensities Z, plane 101 ; sin|c^ft=0‘0915, 

sinM,-0‘1828, 7 = 66 ; u = 3, sin 0-2754, 7=30; 
sinU. = 0-3657, 7=13; and u=5, sin |(/)„=0-4553, 7-5. M^swe- 
me^s are also made for the planes 100 , 110 , 001 , 111 , and 102 . 
In the case of scheelite two sets of valu^ were obtained using 
different specimens, plane 101: ti-= 1, sin O' 0950, 7= j 
«= 2, sin4.=0-1905, /=59; 9 ini<(.. = 0-2860, / = 18;/=^; 

3in|,^,=0’3S05, 7=8. The planes 100, 110, 001 , and 111 were 

aW measured. It is shown that the face-centred lattice, with a w 

so located as to form a diamond arrangement, accounts in each ca 
for the relative spacings of different planes, and for the ^ 
of the crystals. The arrangement of the heavier ^ 

to one another has been determined by a qualitative considera | 
of the relative intensities. The difficulties in the location o ^ 
oxygen atoms are discussed. ^ - 
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rcAgAition] of Davidite. W, T. Cooke {Tram, B, Soc. South 
4,;s«lB[ri916, 40, 2&7). — Material from Radium Hill, near 
Olary. South Australia, gave: 

Ce^Oj, 

TiOj- FeO. FegOj. etc. UgOg. CaO. MgO. PbO. H^O. Total. 

54.3 16-0 13-0 8-3 4-6 1-5 0-6 11 1-5 100*9 

The cerium earths include much Ce, little Th, also La, Di, Er, Yt. 
^\lso some V 2 O 5 and Cr 20 j, included with the uranium oxide, trace 
of copper, and scandium detected spectroscopically. At a red-heat 
100 grams of the mineral yielded about 15 c.c. of fairly pure 
helium. D. Maw son in a preceding paper { loc . cit ., 262—266) 
describes the mode of occurrence of the mineral, and states it to be 
honioD^eneous (compare A., 1910, ii, 309). L. J. S. 

Siliceous Sinter from Lustleigh, Devon. A. B. Edge 
[Min, Mag., 1920, 19, 10 — 13). — Lodes traversing granite and 
containing a soft and powdery, micaceous hcematite are worked at 
the Plumley mine. In one lode, however, this mineral is present 
as larger scales, and it is cemented into a hard, stony mass by 
siliceous sinter, which contains also crystals of fluor-apatite, tour- 
maline, and quartz. The sinter is hard and compact, bub very 
fragile. It ranges in colour from almost pure white to blood-red, 
with rippled and folded bands of colouring. Analysis of pale red 
material gave (also CaO, P^O^, traces) : 

HjO HjO 

SiOj. AbOg, Fe^Og. Na^O. KjO. at 105'*. >105°. Total. Sp.gr. 

6976 2-68 5-38 0-36 0 76 18-62 2-38 99-94 1-73 

The origin of the material is discussed ; it was evidently deposited 
as a silica jelly. L. J. S. 

Hemimorphite on Fossil Bones from Broken Hill, 
Rhodesia. H. Buttgenbach {Ann. Soc. Geol. Belgique, 1919, 42, 
Congo Annexe, 5 — 14). — Limb bones of mammals from the cave at 
Broken Hill min© (A., 1908, ii, 397) show (1) compact tissue con- 
sisting of calcium phosphate and carbonate with a trace of fluorine, 
but no chlorine or zinc; (2) a glistening, crystalline crust (anal. I) 
of hemimorphite coating the compact tissue externally and intern- 
ally; (3) a spongy aggregate (anal. II) of minute crystals of 
willemite, smithsonite, hemimorphite, hopeite, parahopeite, and 
tarbnttite occupying the central cavity. 



ZnO. 

FegOj, AI,0,. 

CaO. 

SiO,. 

PgO,. 

Ign. 

Total. 

I. 

63-10 

1-22 

1-68 

22-88 

1-38 

9-30 

99-56 

II. 

46-50 

0-82 

15-24 

15-00 

12-75 

10-22 

99-53 


L. J. S. 


[Halloysite from Worms Heath, Croydon, Surrey.] 

George MacDonald Davies (Qitart. J. Geol. Soc., 1920, 75 [for 
1919], 22—28). — A petrographical description la given of the 
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mater iala (clay, sand, and pebbles) filling large, iu 

the chalk at this locality. A white, clay-like materia^^Kd ig 
the sand in these pipes, and previously referred to allophaue, is 
proved by the following analysis, by A. B. Edge, to be halloysite. 
Formula, Al203,2Si02,2H30 + Aq. Also traces of NsgO and K^O. 
D 2'44; n near 1’552. (After ignition, D 2*46 or 2-47; n about 
1-542.) 

H,0 H,0 HjO 

SiO,. A1,0,. FeaO,. CaO. (at 100°) (100-250“). (ign.). CO,. Total. 

41'83 36-26 0-30 0-23 7-71 0-85 13-06 0-17 100-46 

L. J. S. 

The Scapolites. Nils ^v^DWs]{Bullfieol}Jnst. Univ. Upsak, 
1918, 16, 96 — 106; from Jahrb. Min., 1919, Ref. 140 — 142).— 
Supplements previous work (A., 1919, ii, 163). An analysis by 
Mauzelius (1917) of scapolite from gabbro at Nautanen, Lapland, 
D 2-698, is calculated as marialite 29-17, sulphate-marialite 9-38, 
carbonate-meionite 61-46%, and the mineral has the refractive 
indices cd 1575, e 1-552. The composition of carbon ate-mariaiite 
is now written as NaHCOgjSNaAlSigOg, and of sulphate-marialite 
as NaHSOjjSNaAlSigOg. Scapolite from lime-silica gneiss in the 
Gula valley, Trondjem, Norway, gave analysis I (NagOjHgO not 
determined), corresponding with marialite 6, carbonate-marialite 
31, carbonate-meionite 63; it has w 1’585, e 1*551. 

SiO,. A1,0,. Fe,0,. CaO. MgO. Cl. SO,. CO,. Total. 

I. 48-87 27-55 0-62 15-65 0-18 0-24 — 4-16 97-27 

In scapolite from the Laacher See, a redetermination of carbon 
dioxide in the original material analysed by Brauns (anal. I, A., 
1917, ii, 325) gave 3-23% (as against 0-65%), corresponding with 
marialite 13, sulphate-marialite 10, sulpha te-meionite 9, carbonate- 
meionite 68%; this has i‘5901, e^a 1*5600. Another, also 
described by Brauns in 1914, contains CO2 3‘52% (rather than 
0*20%), corresponding with marialite 6, carbonate-marialite 31. 
carbonate-meionite 63, and has w — € = 0 0284. In their optical 
constants, these sulphate-rich scapolites do not differ from the 
carbonate-soapolites, and they fall into the same series. 

L. J. S. 


Prehnite from the Tatra Mountains . W. Pa wlica {Bull. Acad. 
Sci. Cracow, [A], 1916, 54 — 59; from Jahrb. Min., 1919, Ref. 
275 — 276). — Massive, white prehnite with associated epidote, albite, 
and calcite fills veinlets in oligoclase-biotite-granite on the Menges- 
dorf peak. In the vicinity of these veins the granite is much 
decomposed, suggesting that the minerals were deposited by hydro- 
thermal processes. Cavities in the massive mineral are lined with 
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of prehnite. Tiie mean of two analyses is (also traces 
ofl^lio.KANa, 0 ): 

H,0 HaO 

SiOj, AljO,. FeA- FeO. CaO. at 110“. >110®. Total. Sp.gr. 

4389 23-85 1-56 0-28 25-83 0-23 4-52 100-16 2-904 

The prehnite is in plac^ altered to a powdery aggregate of 
sericite scales and quartz grains, being sometimes represented as 
pseudomorphs. This alteration is expressed as follows ; 
3 H.C%jAl 2 Si 30 j 2 (prehnite) + .K 2 CO 3 + 6 H 2 CO 3 = 

■^H.KAlsSigOig (sericite) + SSiOg (quartz) + 6 CaC 03 + H 2 CO 3 + 6 HO 2 . 

L. J. S. 

A New Description of Amesite. Earl V. Shannon (Amer, 
J. Sci., 1920, [iv], 49, 96 — 98). — A specimen from the disused 
emery mine at Chester, Massachusetts, shows hexagonal plates 1 cm. 
across of pale bluish-green amesite, with associated diaspore, 
magnetite, and rutile. The basal cleavage is not so perfect as in 
most other chlorites; H 2^, D 2'77. The crystals are optically 
positive and biaxial, but with very small axial angle; a=j 3 = 1 * 597 , 
7=1-612. Before the blowpipe, the mineral swells and exfoliates 
slightly, becoming silvery brownish-white in colour. It is partly 
decomposed by boiling sulphuric, nitric, or hydrochloric acid, with 
separation of flocculent silica. Most of the water is lost at only 
a dull red heat. Analysis : 

SiOf AlgOg. FeO, CaO. MgO. MnO. >110“. >110“. Total. 

20-95 35-21 8-28 0*58 22-88 trace 0-23 13*02 101-16 

agrees with the formula given by Pisani in 1876, namely 
H,(Mg,Fe)oAl 2 Si 09 , 

except for the ratio MgO : FeO, which is here -5:1. This formula 
was adopted by Tschermak in 1890 for a fundamental end-member 
of the chlorite group. L J S 


Optical Characters of the Olivine Group. H. Magnusson 
For. Fork., 1918, 40, 601—626; from Jahrh. Min., 1919, 
Kef. 277— 279).— Previous attempts at the correlation of the 
optical constants and the chemical composition of the members of 
he olivine pup (A,, 1911, ii, 616) have been confined to the 
ries Fe^SiO^ (forst^rite-fayalite). This is now done for 

^feSiO^-MnjSiO^ (forsterite-tephroite) and Mn^Si 04 - 
.^iU 4 (tephroite-fayalite). Previously published results, supple- 
ulnff 1 optical determinations, are tabulated and 

fW Passing along the linear series MgsSiO^-MmSiO.-FewSiO., 
^ gradual diminution in the optic axial angle and an 
refractive indices, but the latter, when plotted 
11 © composition, do not lie along a straight line. 

L. J. S. 
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Belgian Minerals. H. Buttgenbach '{Ann. Hoc. 

1919, 42, Mtm. 93 — 124). — Crystallographic and' 
minations were made on hopeite, apophyllite, 
barytes, anglesite, lepidolite, fuchsite, aragonite, gypwjm,'. 
calcite from various localities in Belgium. A brown clay, from 
Furfooz, with waxy lustre, easily breaking into irr^ular fraginents 
with conchoidal fracture, unctuous, and adhering to the tongue, 
has H a little more than 2 and D 2*05. Before th^ blowpipe it 
decrepitates, and in the closed tube gives off water and blackens. 
In water, it breaks up with a slight noise and slowly falls to powder, 
but does not make a paste. It ia, in part, soluble in acids. These 
characters, as well as the following analysis, point to bole. 

SiOj. AljOg. FejOs- CaO. MgO. PlOj. Iga, Total. 

38-67 27-13 11-25 M5 1 10 1-34 19-34 99-98 

The portion (24-21%) soluble in acids contains AlgO^ 7-67 and 
Fe^Os 9*36%, Deducting these as bauxite (Al^Oj^j^HjO) and 
limonite, the remainder corresponds in composition with a mixture 
of halloysite and opal. 

A whitish efflorescence on the coal shale of the Bois-l’Eveque 
colliery, near Liege, is found on optical examination to consist 
mainly of trona (3Na.0,4C02,5Ho0). Kecalculating an old analysis 
(Malaise, 1881) of this material and deducting the sulphate as 
thenardite or as mirabilite. gives, however, a remainder with the 
composition 3NacO,3CO.),13H.iO or 3Na.^O,3COc>,llIToO. 

L. J. S. 

The Richardton Meteorite. T. T. Quirke (J. Qeoh, 1919. 
27, 431— 449).— This meteorite belongs to the veined spherical 
chondrite class (Cca) of Brezina’s classification. Under the micro- 
scope these stones reveal a composition of olivine, monocliuic 
pyroxene, glass, metallic iron, and troilite. A notable character- 
istic is the veining. The veins are not continnous, and consist 
largely of troilite and metallic iron and nickel. In. most cases the 
metal and sulphide are mingled in a manner to suggest contem- 
porAnenus deposition or concentration. A few specks of metallic 
copper were noted in the troilite. An analysis showed : metallic 
portion 19-90%, silicate portion 80*10%. The metallic portion 
gave: Fe 90*89. Ni 8*92, Co 0*15, P 0-04%. The silicate portion 
yielded: SiO., 44*49, TiO. 0*10. ALO, 2*46, Cr.O,, 0*64, Fe.O. 4-34. 
PA none, MnO 0-19, FeO 16*23, CaO 2*69, MgO 28-32, Na,0 0*85, 
KgO 0*165%. These analyses were made from fragments repre- 
sentative of the matrix, and nob on the vein material. It u 
estimated that about 90 kilos, of material have been recovered, the 
largest single piece weighing 8-7 kilos. 


Che«icai. Abstracts. 
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Analytical Chemistry. 


A Cheap Substitute for Platinum Wire for Flame Tests . 

X. Ehringhaus (Centr. Min., 1919, 192),— The platinum wire used 
for carrying !,out flame tests can be simply and cheaply replaced 
by a strip of filter paper. To test a solution, a strip of pure filter 
paper is folded several times, and one end dipped in the solution. 
The damp end is then held in the outer flame of a Bunsen burner. 
If an insoluble salt is to be tested, the strip is first dipped in 
dilute hydrochloric acid, and a little of the salt is then sprinkled 
on the damp end. In either case, a good, pure flame coloration is 
obtained, which lasts as long as the paper is prevented from burn- 
ing by the moisture or the salt. A lasting, monochromatic flame 
can be obtained by dipping one end of a strip of paper in a vessel 
containing the dissolv^ salt, the other end being held in the 
Bunsen flame. The paper is prevented from burning by a crust 
of salt, which soon forms. B. H. R. 

Use of certain Indicators. Sensitised Sodium Alizarin - 
sulphonate. W. Mkstrezat (./. Pharm. Chim., 1920 [vii], 21, 
Ig5_-192). — Sensitised sodium alizarinsulphonate (prepared by 
leutralising the commercial product, which is nearly always 
ilkaline in reaction) is a sensitive indicator for use in the titra- 
ion of mineral acids, oxalic acid, and alkali hydroxides, and 
Dosaesses the advantage over phenolphthalein and litmus that it 
:an be used for the titration of both ammonia and phosphoric 
icid; it cannot, however, be used in the presence of carbonates. 

W. P. S. 

Modified Orsat Apparatus. Thos, B, Smith (Gas World, 
[919, 71, 379). — The gaseous mixture is passed under the maximal 
iressiire of the reservoir through a platinum capillary tube, 13 cm. 
ong and 1*6 mm. in external diameter, which is raised to a white 
leat, into an additional absorption pipette filled with water. ’The 
uixture is thrice returned and re-passed through the capillary, 
vhereby combustible gases are completely burnt. The resultant 
uixture of carbon dioxide, oxygen, and nitrogen is analysed in the 
isual manner. Chemical Abstracts. 

Improved Method of, and Apparatus for, Detecting 
Vater Vapour or either of the Gaseous Components 
hereof, Henry Edward Fane Goold- Adams, William 
Ienry Bousfield, and George William Todd (Brit. Pat. 
i37547). — The gases suspected of containing water vapour, or 
iither oxygen or hydrogen, which must first be converted into 
water by passing over a suitable catalyst, are passed over a salt, 
such as an alkali chloride or nitrate, which forms part O'f an 
ftlectrio circuit. If the partial pressure of the water vapour 
exceeds the critical hydration pressure of the particular salt 
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selected, it takes up moisture and allows a current 
‘circuit, whereby a suitable indication niay be giy©u. a 

galvanometer or an electric hell operated by a relay, ig 

conveniently placed between a pair of wire gauze electrodes, 
through which the gases are passed. The device is particularly 
applicable in cases where it is necessary to provide against an 
explosive mixture of oxygen and hydrogen in gaseous^ reactions, 
such as in the synthetic production of ammonia, in which cases a 
continuous sampling of the mixed g^es is secured by means of 
by-pass, and a salt is selected of which the hydration pressure is 
approximately equal to the partial pressure of the aqueous vapour 
corresponding with the percentage of oxygen, against which a 
warning is required, G. F. M. 

Short Modification of the Official Method of Estimating 
Chlorine in Foods, Faeces, and Urine. J. 0. Halvf.rsost and 
E. B. Wells (/. Biol. Chem., 1920, 41, 205 -208).— The com- 
plete washing out of the excess of silver nitrate from the silver 
chloride precipitate is eliminated, and, instead, an aliquot portion 
of the direct filtrate is titrated with ammonium thiocyanate. It 
is recommended that the reagents for titration he O'OoiV . 

J. C. D. 

The Oxidation potentiometric Titration of Iodides in 
the Presence of Chlorides and Bromides. I. M. Kolthoff 
{Rec. trav. chim., 1920, 39, 208— 214).— Using the method of 
titration previously described (A., 1919, ii, 352), iodides may be 
estimated in the presence of any quantity of chlorides or of 
relatively large amounts of bromides, by titration with potassium 
dichromate, or, preferably, potassium bromate or iodate, the titra- 
tion being carried out in the presence of hydrochloric acid. 

Estimation of Oxygen by the Copper-Ammonia” 
Ammonium Chloride Reagent. W. L. Badger (/. Ind. Enij. 
Chem., 1920, 12, [2], 161— 164).— HempeVs method for the absorp- 
tion of oxygen by means of metallic copper spirals covered witl 
a solution containing equal parts of saturated ammonium 
carbonate solution and ammonia (D 0‘93) was the hasis^ for a 
series of experiments in which varying strengths of ammonia, and 
salts of ammonia other than the carbonate, were used . The result? 
were compared by determining in each case the specific absorption 
as defined by Anderson. Specific absorptions were found of 
22 ‘5 vols. with a concentrated ammonia solution (D O' 90) satu- 
rated with ammonium chloride, 45 — 47 vols. with a mixture of 
two parts of concentrated ammonia and one of water saturated 
with ammonium chloride, 55—60 vols. with a mixture of one part 
of concentrated ammonia and one of water saturated with 
ammonium chloride, and 30 vols. with a mixture of one part of 
concentrated ammonia and two of water saturated with, ammonium 
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author conciudee that an improvement on Hempel’s 
dned by using a solution prepared by saturating a. 

concentrated ammonia and one of water 
^th ■ amnidnium chloride. This solution may be used to absorb 
fifty to sixty times its volume of oxygen, after which, although its 
absorption capacity is not exhausted, the amount of precipitate 
formed makes the solution unworkable. It is claimed that this 
reagent is cleaner and has a longer life than alkaline pyrogallol; 
tinlike phosphorus, it is unaffected by catalysts, is readily pre- 
* bared, and is active at almost any temperature. On the other 
b^d, it cannot he used for mixtures containing carbon monoxide 
or acetylene, and when fresh it is liable to .leave measurable 
amounts of ammonia in the gas. S. S. A. 


The Estimation of Nitrogen in Nitrocellulose and 
Inorganic Nitrates with the Nitrometer. Ernest George 
Beckett (T., 1920, 117, 220—235). 


Estimation of Phosphoric Acid as Ammonium Phospho- 
molybdate. A. Stutzer [Lcmdio. Versuchs. Stat, 1919, 94, 
251—264). — Conditions are given under which phosphoric acid 
may be estimated by precipitating it as ammonium phospho- 
molybdate and weighing the precipitate directly. The precipita- 
tion is made in a nitric acid solution containing a small quantity 
of sulphuric acid, and the precipitate, after being collected on a 
weighed asbestos filter, is washed first with 2% ammonium nitrate 
solution, then with alcM>hol or acetone, dried at 100® for one hour, 
and weighed. The weight of the precipitate is multiplied by 
0*03513 to obtain the amount of P 0 O 5 . [See, further, J. Sac. 
Vhcm. hid,, 1920, 250a.] W. V. S. 

Estimation of Arsenic in Organic Compounds such as 
Salvarsan. L. Joslyn Kogers {Can. Chem. J., 1919, 3, 398). — 
The sample, 0*5 gram, dissolved in 10 c.c, of water, is treated with 
5 c.c. of nitric acid, heated on the hot plate, and solid ammonium 
persulphate is added until the mixture is colourless; a yellow 
coloration, if persistent, can be removed by boiling for a few 
minutes after the addition of a few c.c. of water and several grams 
of ammonium persulphate all at once. The volume is made up 
to 100 C.C., 5 c.c. of saturated sodium ammonium hydrogen phos- 
phate solution are added, followed by an excess of magnesia mix- 
ture; any precipitate which forms is dissolved by dilute nitric 
acid. The solution is heated nearly to the b, p., an excess of 
aqueous ammonia is added, and, after cooling and keeping for two 
hours, the precipitate is collected, washed with dilute aqueous 
ammonia, returned, together with the filter, to the precipitation 
flask, and dissolved in 70 c.c. of dilute hydrochloric acid (three 
parts of acid to two parts of water). The solution is cooled, shaken 
for one minute with 3 grams of potassium iodide dissolved in 
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6 c.c. of water, 70 c.o. of water are then added, an 
iodine titrated at once with thio&nlphate. 


Chemical .S^pSers. 


Detection of Arsenic in Salvarsan and Neosalvarean. 

F. XJtz {Pharm. Zentr.-h., 1920, 61, 39 — 42). — The snlistaiice is 
decomposed by heating with a small quantity of sulphuric acid 
and ammonium persulphate, or with hydrogen peroxide and fe^ro^g 
sulphate, the solution then diluted, and treated with stannous 
chloride solution. After a time, the arsenic forms a brown, 
flocculent precipitate. When a portion of either substance is dis- 
solved in dilute hydrochloric acid in a platinum basin, and a fragi 
ment of zinc is added, a brown stain is obtained on the platinum 
surface. Another test consists in dissolving the substance in con- 
centrated sodium thiosulphate solution and adding hydrochloric 
acid; sulphur is precipitated, and this is soon coloured bright 
yellow by the precipitation of arsenic sulphide, which may he 
separated and identified by the stannous chloride test. 

W. P. S. 


Renovation of Combustion Tubes. J. Dorsman {Chm. 
Weekhlad^ 1920, 17, 132). — Combustion tubes which have been 
used for the analysis of substances containing halogens may be 
renovated as follows. A wash-bottle filled with water is connected 
to one end of the tube. To the other end an empty U-tube is 
fitted, connected to a pump. A stream of moist air is drawn 
through the tube while still red hot. Copper halogen compounds 
and iodine condense in the cold end and in the U-tube. These 
may be removed by a piece of wet filter paper. When no further 
condensation takes place, dry air is drawn through the tube, which 
is then ready for further use. W. S. M. 

Use of Soda-lime in the Calcium Chloride Tube of the 
Potassium Hydroxide Absorption Apparatus. J. Friedrichs 
{Zeitsch. angew. Chem., 1919, 32, 363—364). — Further experi- 
ments with gaseous mixtures containing varying proportions of 
carbon dioxide have confirmed the previous conclusion (this voL 
ii, 192) that the use of soda-lime in the calcium chloride tubes of 
a potassium hydroxide absorption vessel is not only superfluous, 
but may even be disadvantageous, leading to loss of water. The 
general belief that potassium hydroxide solution absorbs carbon 
dioxide less efficiently than soda-lime is probably attributable to 
the use of absorption apparatus with calcium chloride tubes of 
insufficient length. The loss of moisture depends on the tension 
of the absorption agent, the velocity of the gas and the duration 
of absorption, and is proportional to the last two factors. For 
the amount of gas evolved in an ordinary elementary analysis, a 
short calcium chloride tube is sufficient, and no loss of moisture 
can be observed when the tube is half filled with soda-lime; but 
in the analysis of carbonates, loss of water is inevitable under such 
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the current of air must be continued for a long 
ftiniSB^PBve the whole of the carbon dioxide. Similar condi- 
' tions oc^u in the estimation of carbon in iron. The dimensions 
of a calcium chloride tube suitable for this purpose are: length 
4 cm. and diameter 0’8 cm. About grams of calcium chloride 
are auf&cient to dry the gaseous mixture leaving the potassium 
hydroxide apparatus, provided that this is charged with potassium 
hydroxide solution (2:3), that the velocity of the gas does not 
exceed .0’3 c.c. per second, and that the duration of the absorption 
does not exceed three hours. C. A. M, 


Method for the Preparation of a Hydrochloric Acid 
Solution of Cuprous Chloride for use in Gas Analysis. 

F. C. Krauskopf and L. H. Purdy (/. Ind. Eng. Chem., 1920, 
12 158 — 161). — A solution of stannous chloride was prepared 
by heating on a sand-bath, to slow boiling, 300 grams of metallic 
tin contained in a 500 c.c. flask and covered with concentrated 
hydrochloric acid, a small amount of fresh acid being added from 
time to time until the solution was saturated with stannous 
chloride. The solution was then filtered and stored in a flask com 
taining metallic tin to prevent oxidation. A portion of this solu- 
tion was mixed with cuprous chloride solution and concentrated 
hydrochloric acid to obtain a solution of cuprous chloride of 
approximately the same copper and acid content as a correspond- 
ing solution of cuprous chloride, free from other salts, prepared by 
reducing cupric chloride with copper in acid solution. The two 
solutions were compared by the absorption, in Hempel double 
pipettes, in the usual way, of carbon monoxide evolved from 
oxalic acid by the action of sulphuric acid. Figures were obtained 
which indicate that the efficiency of cuprous chloride solution for 
the absorption of carbon monoxide is not deleteriously affected by 
the presence of relatively large amounts of stannous and stannic 
chlorides; a satisfactory reagent is obtained by reducing cupric 
chloride in add solution by means of stannous chloride, and if a 
small excess of stannous chloride is used, the solution may be 
exposed to air during transference from one vessel to another 
without becoming oxidised. Further, the solution may be renewed, 
after saturation with carbon monoxide, by heating at 60 — 70° to 
drive off the gas, a few drops of concentrated stannous chloride 
solution being added to correct any oxidation which might occur. 

S. S. A. 


Estimation of Carbon Dioxide, Oxygen, and Combustible 
Gases by Krogh’s Method of Micro-analysis. Hans Oluf 
Schmit-Jensen {Biochem. J., 1920, 14, 4 — 24). — It is shown that 
Krogh’s micro-gas analysis apparatus may be used to estimate 
hydrogen and carbon monoxide in very small gas samples (Skand. 
Arch. Physiol., 1908, 20, 279). As absorbent for hydrogen, a 
solution of 0'66 gram of colloidal palladium and 0*42 gram of 
sodium picrate in 20 grams of distilled water is used, and as 
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Absorbent for carbon monoxide an acid solution of 
A modification of Krogh’s apparatus is described of 

which, it is possible to estimate carbon dioxide and ^ygeu by 
absorption, hydrogen and methane by combustion, and carbon 
monoxide either by absorption or combustion. The hydrogen and 
methane can only be estimated by combiistion if the bubble of gas 
has a volume of at least 80 cu. mm.; nitrogen is also taken by 
difference. The fractional combustion of hydrogen and methane 
is also possible by means of this apparatus. The average error in 
the readings is about ±0T mm. This systematic error is different 
with the different gases, and in the case of o%gen, hydrogen, 
methane, and carbon dioxide is of no practical importance, but it 
must be taken into consideration with carbon dioxide. A small 
receiver for collecting gas samples is described. J. P. S. 

Direct Estimation of Potassium and Sodium in Small 
Quantities of Blood. B. Kramer {J, Biol. Chem.^ 1920, 41, 
263 — 274). — The method for potassium is a modification of the 
sodium cobaltinitrite method capable of being used for 1 c.c. of 
blood or 3 — 5 c.c. of plasma or serum. The sodium process 
is based on the precipitation of that element as the pyroanti- 
monate, which is weighed as such. The potassium content of 
normal human serum varies between 16 and 22 mg. per 100 c.c. 
of serum. The sodium content has been found in both normal 
children and adults to vary between 280 and 310 mg. per 100 c.c. 
of serum, J. C. D. 

Estimation of Zinc in Organic Materials, such as Food, 
Urine, and Excrement. The Zinc Content of Reagents 
and Analytical Vessels. A. Weitzee {Arb, Oesundh. Amt, 
1919, 61, 476 — 493 J from Chem, Zentr,, 1920, ii, 5 — 6), — Two 
methods are described for the estimation of zinc in organic sub- 
stances. In the first of these, the material is converted into ash, 
either by the wet or dry process; the latter is dissolved in acid, 
copper, etc., is removed by hydrogen sulphide, and. zinc is pre- 
cipitated from the acid filtrate by potassium ferrocyanide. The 
zinc ferrocyanide is decomposed by concentrated sulphuric acid, 
zinc is nrecipitated in the usual manner with ammonium sulphide, 
the precipitate is dissolved in hydrochloric acid, and the zinc h 
again precipitated by hydrogen sulphide from acetic acid solution. 
The sulphide is finally dissolved in 1% hydrochloric acid, the zinc 
is precipitated with sodium carbonate, and weighed as the oxide. 
The second method is identical with the first as far as the separ- 
ation of sulphides of copper, etc. Ferrous compounds are then 
oxidised by nitric acid, sodium hydroxide is added, and the dK 
turbing effect of phosphates is overcome by acidification with acetic 
acid. The residue left on filtration is separated as completely as 
possible from the mother liquor and dissolved in dilute hydro- 
chloric acid ; it is again treated with sodium hydroxide and acetic 
add, and, if necessary, the process is repeated until zinc can no 
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filtrate by means of potassium ferro- 
cyauide. The united acetic acid filtrates are saturated with 
hydrogen sulphide. The details of the two methods are minutely 
described in the original. Either process permits an exact estim- 
ation of zinc as oxide in urine, excrement, animal organs and 
tissues, and in foods, even if the metal is only present in minimal 
amounts. It is a matter of indifference whether the organic 
material is oxidised by the wet or dry process. The second method 
is to be preferred to the potassium ferrocyanide process, since it 
requires a smalls number and smaller amounts of reagents, and 
can be carried out in a shorter time. If the directions are closely 
followed, and pure reagents free from zinc are used, so little zinc 
passes into the material under investigation, eith^ from the 
reagents or from the Jena-glass flasks, which contain considerable 
quantities of zinc, that it need not be taken into account even for 
the most accurate analyses. Otherwise, in those cases in which 
concentrated solutions of alkali hydroxide or phosphoric acid are 
boiled, or even small quantities of fluorides are warmed with 
iiiineral acids in vessels made of glass containing zinc, the possi- 
bility of the passage of zinc from the vessel into the material 
under investigation must always be taken into account; in these 
circumstances, the use of vessels made of glass free from zinc is 
advisable, H, W. 

Estimation of Mercury in Organic Combination by 
means of Zinc Filings. Maurice Erancois (/. PharnL Chim,, 
1920, [vii], 21, 85 — 91). — A modification of a method described 
previously (A., 1918, ii, 276) is recommended. The substance is 
dissolved by heating with alcohol, and the solution is then treated 
ivith. hydrochloric acid and zinc filings. With mercury benzoate 
and mercury salicylate, the reduction with zinc is carried out in 
sodium hydroxide solution containing pota^ium iodide, and any 
excess of zinc is dissolved subsequently by treatment with hydro- 
chloric acid. W. P. S. 

Estimation of Iron in Iron Ores by means of Perman- 
ganate. L. Brandt {Chem. ZeiL, 1920, 44, 101—103, 121-122).- 
Compare A., 1919, ii, 373, 480). — A further criticism of the method 
described by Schwarz and Rolfes (A,, 1919, ii, 170), W. P. S. 

The Analysis of Wulfenite Earths from Mies. E. Dittler 
{tentr. Min., 1919, 225- — 227). — A method has been devised by 
^'bich calcium, lead, molybdenum, and zinc can be estimated in a 
single sample of the mineral. About a gram of the finely powdered 
®a1^rial is digested successively with hydrochloric and nitric acid 
until the residue is no longer black. Digestion is then continued 
'^ith sulphuric acid to convert the calcium and lead into sulphates, 
and the solution is diluted and filtered, the residue being washed 
several times with dilute sulphuric acid. The residue is then 
extracted with ammonium acetate solution, which dissolves both 
: VOL. CXVTIT ii. 9 
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calcium and lead. These are again preapitated . 
weighed in a Neuhauer platinum cruable, then dissolvea i^ bjdto- 
chloric acid, the calcium precipitated ae oxalate, and the lead 
estimated by difference. The acid solution rontainmg the 
molybdenum and zino is neutralised with ammonia, the iron present 
precipitated by addition of ammonium chloride and filtered, the 
solution made strongly ammoniacal, and saturated with hydrogen 
sulphide The zinc sulphide is then salted out by addition of 
ammonium thiocyanate, and the molybdenum determined m the 
filtrate by known methods. 


Separation of Zirconium and Titanium as the Phos- 
phates. James Brown and H. T. Madden (J. Amer Ckem. Soc„ 

1920 42 36 39). — Zirconium and titanium may be separated 

and ’estimated by the following method. The solution, contaiBing 

I 2% by volume of sulphuric acid, is treated with an excess of 

hydrogen peroxide, and then with an excess of disodium or di- 
ammonium phosphate, and the solution kept overnight. The pie- 
cipitated zirconium phosphate is collected and washed with water 
containin<y a few drops of sulphuric acid and a little hydrogen 
peroxide If, as is usually the case, the precipitate is coloured 
yellow by titanium, it is fused with sodium carbonate, extracted 
with water, and redissolved by fusing with potassium hydrogen 
sulphate, and then treating with dilute sulphuric acid. The 
zirconium is then reprecipitated as above, and if the precipitate is 
colourless, all the titanium has been removed. _ The zirconium 
phosphate is now converted into oxide by fusing witb stoiuid 
carbonate, extracting with water, dissolving the residue in hydro- 
chloric acid, and precipitating with ammonia. The precipitate is 
washed, dried, ignited, and weighed as the dioxide, com- 

bined filtrates from the zirconium precipitation are 
decompose hydrogen peroxide, and the acidity adjusted so a 
the content of sulphuric add is about 2% by volime. ^ An excess 
of disodium or diammonium phosphate is added, the mixture ep- 
for one hour, and then filtered. The prmpitate of titanium p osj 
phate is washed, converted into the dioxide, as in the ® 
zirconium, and weighed. The results given in the paper sh^ a 
the method is capable of a high degree of accuracy. J. h. 

Testing of Chloroform. F. Utz {Pharm. Zenir.-K ISU 
58, 1— g).-_The author has investigated, in particular, we 
benzidine test for the detection of decomposition 
chloroform. When benzidine is dissolved in pure chloroform, 
solution remains unchanged for twenty-four hours if kep w 
dark place; if chloral is present, a faint red coloration dev^op 
at first, and changes to bluish-red after a time, A tm i . 
forms immediately if the chloroform contains carbonyl c or i 
hydrochloric acid, or chlorine, and a flocculent precipi e . 
separate. 
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TheABfl^tion of Aromatic Nitro compounds by Stan- 
nous (SBroride ^ and by Titanous Chloride, and their 
Volumetric Estimation. Daniel Florentin and Henri Van- 
oenberghe {B-idl. Soc. chim., 1920, [iv], 27, 158— 166).— The 
estimation of nitro-groups by reduction with stannous chloride and 
titration of the excess of the latter with iodine solution in neutral 
or acid medium (compare Altmann, A., 1901, ii, 475; Druce, A., 
1919, ii, 199),, gives satisfactory results with nitro^nzene and 
various di- and tri-nitro- derivatives, but, contrary to the results 
obtained by Druce {he, cit.), the authors find that the results 
obtained for the mononitrotoluenes are too low, owing to the 
formation of ^hlorotoluidines. 

Titanous chloride quantitatively reduces the nitrocompounds 
according to the equation CcH 5 -Nb 2 + 6 TiCl 3 + + 
6 TiCl 4 + 2 H 5 ,p, except in the case of o-nitrotoluene, which gives 
results which are about 3% too low. The excess of titanous chloride 
is determined by titrating it into a known volume of standard 
ferric sulphate solution, using ammonium thiocyanate as an 
indicator. G, 

Difierentiation of Methyl and Ethyl Alcohols. Tii. 
Sabalitschka (Pharm. ZentrA., 1920, 61 , 78— 79).— Although 
the copper sulphate test (compare Pannwitz, this vol., ii, 62) ha.s 
a limited use for the detection of methyl alcohol in ethyl alcohol 
ill the absence of water, it is untrustworthy in the case of dilute 
alcohols. p_ g_ 

The Estimation of Incompletely Nitrated Phenol in the 
Mother Liquors from Picric Acid by means of Bromine. 

M, Marqueyrol and P. Carre {Bvlh ,9oc. c/im., 1920, [iv], 27, 
127—138). — The results obtained by Jolibois’s method, by the 
action of bromine on the incompletely nitrated phenol in the 
mother liquors from picric acid are inaccurate and variable. The 
results obtained are too high, and vary with the time and tempera- 
ture of contact of the bromine with the mother liquors and the 
amount of bromine in excess. It is shown that these mother 
liquors contain a mixture of sodium 2 : 4-dinitrophenol-o-sulphonato 
and sodium 2 : G-dinitrophenol-p-suIphonate in variable propor- 
tions, together with some sodium nitrophenolsulphonate. The 
action of the bromine on each of the dinitrophenolsulphonat^es 
vari^ with the conditions given above; the mononitrophenol- 
sulpnonates tend to give dibromo-derivatives, and any picric acid 
remaining in the mother liquors is acted on by the bromine, all of 
‘ ese changes tending to vitiate the results obtained by Jolibois’s 
method. W G 

The Estimation of Incompletely Nitrated Phenol in the 
Mother Liquors from Picric Acid ; the Ratio between the 
v/omposition of these Mother Liquors and the Yield of a 
Manufacture of Picric Acid. M. Marqueyrol and P. CARRfe 
I ^ L 5oe. 1920, [iv], 27 , 138 — 140). — Marque 3 rrol and 

9—2 
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Loriette's method is slightly modified. The mother Hiquors are 
completely nitrated, and the resulting picric acid if collected 
and estimated voliimetrically hy titration with A^/lO-sodium hydr. 
oxide. It is necessary to apply a correction for the amount of 
picric acid dissolved in the water with which the precipitate i; 
washed. [See, further, J. Soc. Chem. Ind., 1920, 248a..] 

W. G. 

Estimation o! Traces of jS^'-Dichloroethyl Sulphide 
[Mustard Gas] in Air. Max Yablik, G. St. J. Pkhrott, and 
N. H. Furman (/. Amer. CAm. Soc., 1920, 42, 266 — 274),— The 
method is based on the observation that a solution of selenioas 
acid in sulphuric acid (1;1) is reduced by traces of 00^-dichloro- 
ethyl sulphide, giving an orange-red suspension of selenium; the 
presence of about 0‘005 mg. of dichloroethyl sulphide can he 
detected in this manner. The estimation of the vapour in air is 
effected by bubbling the mixture through a suitable absorbent, 
such as a 1% solution of selenium dioxide in water, adding 10 c.c. 
of a solution of selenions acid in sulphuric acid, -care being taken 
to use the latter in such a manner that a 1 ; 1 solution is finally 
obtained, and also that the concentration of selenious acid in the 
ultimate mixture is the same as in the absorbing mixture. The 
solution is then heated for ten minutes in a hath at 85°, cooled, 
and the strength estimated by nephelometric comparison with 
standard solutions ]) repared from weighed quantities of the 
reagents. The process is available for amounts of substance 
between OT mg. and O’Ol mg,, with a maximum error of 0*005 m?. 
The temperature at. which the solution is heated in process of 
''developing^' can vary 5 ° in either direction without affecting the 
character of the suspension. The method is remarkably free from 
the necessity for extreme purity of original solution, cleanlinos? 
of glassware, etc., which obtains in silver haloid nephelametry. 
It was not found possible to use good solvents for dichloroethyl 
sulphide as absorbing media, and then determine the strength of 
the solutions by the proposed method, since the only suitable 
solvent (alcohol and acetic acid) reduced the selenious acid to some 
extent. The selenious reagent is not specific to mustard ga?; 
arsine and the substituted arsines, and several other toxic gases, 
react with it vigorously. 

Attempts to determine the strength of the suspension colnri- 
metrically were not successful. H. IT. 

The Nephelometric Values of Cholesterol and the Higher 
Fatty Acids. II. F. A. Csonka {J. Biol Chem., 1020, 41, 
243 — 249).— -The nephelometric values of oleic acid and cholesterol 
were found to be influenced by the hydrolysis, as well as by 
the addition of certain substances which alone, in similar 
circumstances, do not produce any turbidity. These influenciu? 
agents are exemplified by the use of gelatin as a protective '’olloid' 
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Formation of /S-Methylumbelliferone as a Reaction of 
Acetoacetic Acid and its Esters. Victor Arheouine and 
EnoUARD D. Garcia (Ann. Chim, anal., 1920, [ii], 2, 36 — 41, 
[mI. Qnim. Argentina,, 1919, 7, 424 — 432). — In hydro- 
chloric Rcid solution, acetoacetic acid condenses with resorcinol 
to form j3-methylumbelliferone, and the latter exhibits an 
intense blue fluorescence when the solution is rendered slightly 
animoniacal. To make the test, 2 c.c. of hydrochloric acid con- 
taining a trace of acetoacetic acid or ethyl acelnacetate and O’l 
erram of resorcinol are boiled for a few minutes, cooled, diluted with 
water, and treated with a slight excess of ammonia. In the case 
of urine, 50 c.c. of the sample are treated with three drops of 
hydrochloric acid and extracted first with 5 c.c. and then with 
3 c.c. of carbon tetrachloride; the latter solution is evaporated to 
about 3 C.C., and then tested as described. The test will detect 
0 00002 gram of acetoacetic acid in 5 c.c. of urine. The reaction 
i« specific, and is not given by acetone or jS-hydroxybutyric acid. 

W. P. S. 

Estimation of Acetone and Acetoacetic Acid with 
Autenreith^s Colorimeter, Emil Lexk {Munch, med. Woch., 
1919, 66, 1119 — 1120; from Chem. Zentr., 1919, iv, 995).~-A reply 
to Schall (this vol., ii, 63), in which it is pointed out that the 
latter has simply adopted the author’s method with the substitu- 
tion of Autenreith’s colorimeter for a measuring cylinder. 

H. W. 

Analysis of Acetone by Messinger's Method. Leo Frank 
GoomviN (/. Aw.er. (Jhem. Soc., 1920, 42, 39 — 45). — Messiuger’s, 
met'-iod for the analysis of acetone (A., 1889, 313) has been critic- 
ally investigated. The method consists in shaking acetone in the 
presence of alkali hydroxide with an excess of iodine. After ten 
minutes, the solution is acidified, and the excess of iodine titrated 
with a standard solution of sodium thiosulphate. It is shown that 
under proper conditions the method gives accurate and concordant 
results. The effect of keeping, the method of shaking and adding 
the iodine solution, the effect of an excess of acid, and the dilution 
have all been investigated and found to-be without influence on 
tlie results. It is shown that methyl and ethyl alcohol if present 
both use up a certain amount of iodine. J. F. S. 

The Acetone Concentration in Blood, Urine, and 
Alveolar Air. I. A Micro-method for the Estimation of 
Acetone in Blood, Based on the Iodoform Method, Erik 
Matteo Prochet Widmark (Biochevi. J., 1919, 13, 430 — 445). — 
The blood is drawn from the finger or ear lobe into a capillary 
pipette graduated to 100 c.mm., and is then transferred into the 
fiask of the distillation apparatus, in which there has previously 
been placed 10 c.c. of 1% phosphoric acid. The pipette is washed 
out several times with the acid. The distillation must be carried 
out within two or three hours of the drawing of the blood, and the 
distillate is collected in a cooled test-tube containing 3 c.c. of 



ii, 274 


ABSTRACTS OF CHEMICAL PAPERS. 


iV/2-«odiuiii hydroxide and 2 c.c. of i^/200- or i^/lOO-iodine solu- 
tion, according to the amount of acetone- The residual iodine is 
titrated with equivalent sodium thiosulphate after the contents of 
the tube have been treated with 3'5 c.c. of iV / 2'3ulphuric acid. 
The presence of ethyl alcohol in the blood has no effect on the 
result of the titration. As a micro-method, the process is not 
applicable to normal blood and urine, but gives trustworthy results 
in pathological conditions where there is an increased amount of 
acetone in these fluids. J. C. D. 

Estimation of Acetone Substances. N. 0. Engpeldt 
(Acta med. scand,, 1919, 52, 311 — 366 ; from Ghem. Zentr., 1920. 
ii, 161 — 162). — Salen's proposed modification (Aorc?. mcd. ark, 
cDvd.y 1918, ii, 61, No. 11) of the author's previous method for the 
estimation of acetone substances in urine is unsatisfactory, since 
errors of 24-5 — 41 '5% occur. Recent investigations lead to a 
modification of the method, which is now carried out in th§ follow- 
ing manner. Precipitation of the urine is effected with ammonia, 
lead acetate, and alum in an exactly specified manner, and, after 
dilution and acidification with concentrated sulphuric acid, the 
acetone is distilled and the distillate is titrated with iodine. 
Chromate and sulphuric acid are added, and the residue is agaiu 
distilled ; the iodine required is a measure of the i3-hydroxy butyric 
acid. Another estimation, in which, first, concentrated sulphuric 
acid, and then, shortly afterwards, chromate and sulphuric acid 
are added, permits the measurement of the total acetone substances 
of the urine as acetoacetic or ^-hydroxybutyric acid by one dis- 
tillation which can be performed in twenty -five minutes. Tt should 
be noted that the presence of alcohol in urine, arising from 
fermentation of dextrose or imbibed by the patient, disturbs the 
estimation. Toluene, which is more soluble in urine than in dis- 
tilled water, is, in 2 '5% concentration, an active disinfectant, and 
is recommended as a preservative, since it does not interfere with 
the estimation. 

The author has elaborated a somewhat similar clinical method 
for the estimation of acetone substances in blood, the details of 
which will be published shortly. H, "W. 

Estimation of Dextrose in the Presence of Lactose. 

E. Hildt (7. Pharm. Chim.y 1920, [vii], 21, 136 — 137; Ann, 
Chim. ami, 1920. [iil, 2, 78—80; AmlFaldf., 1920, 13, 21—25). 

- A Fehling’s solution is used. 10 c.c. of which correspond with 
0'048 gram of dextrose and 0'071 gram of lactose hydrate or 0’051 
gram of lactose after hydrolysis. The solution containing the two 
sugars is titrated direct into 10 c.c. of the Eehling's solution, and 
again after hydrolysis. For the hydrolysis, an amount of the 
sugar solution containing not more than 1 gram of lactose is heated 
for six hours at 95 — 98® with 20 c.c, of an IS* solution of sodium 
benzenesulphonaie in after making the mixture 

up to 100 c.c. with distilled water, * W. G. 
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Estimation of Sugar in Diabetic Blood. G. Vigevaki 
{Boll. Ghim. farm., 1919, 68, 436 — 439). — Two c.c. of the blood 
are mixed with. 100 c.c. of potassium chloride solution (saturated 
potassium chloride solution 340 c.c., hydrochloric acid 0’375 c.c., and 
water 160 c.c.), 50 c.c. of the mixture boiled for five minutes, filtered 
from the precipitated proteins, the filtrate made up to definite 
volume, and 10 c.c. introduced into an Erlenmeyer flask, round 
the neck of which rubber tubing has been fixed. From 1 to 2 c.c. 
(according to the amount of dextrose) of a copper solution (copper 
sulphate 2*2, potassium hydrogen carbonate 80, potassium carbonate 
oO, potassium chloride 53 grams; water, 500 c.c.) are added, the 
mixture boiled for three minutes, and the rubber tube closed with 
a clip, so that a vacuum is produced within the flask after cool- 
ing. A current of carbon dioxide is then introduced, and the 
liquid titrated with iodine solution (A/lO-hydrochloric acid 5 c.c., 
iodine 0‘0635 gram, potassium iodide 2 grams, 2% potassium iodate 
solution 2 c.c., and water to 100 c.c.), with starch solution (2 grams 
of soluble starch in 100 grams of saturated potassium chloride solu- 
tion) as indicator. The copper reduced by the dextrose reacts 
with the iodine solution. The latter is previously standardised on 
pure dextrose which has been dried at 100°. C. A. M. 

Method of Identification of Amino-acids. Shintaro 
Kodama (/. Tokyo Chem. Soc., 1919, 40, 743 — 754). — The prin- 
ciple of the method, which in this paper deals only with phenyl- 
alanine, consists in converting the amino-acid into the hydroxy- 
acid and determining the m. p. of the latter. 

A solution of 0*2 — 0‘3 gram of phenylalanine in a slight excess 
of acid (preferably sulphuric acid) is treated at 80*° with a solution 
of sodium nitrite very slowly until nitrogen ceases to be evolved. 
The solution is boiled for two to three minutes, diluted with water 
to twice or thrice its volume, boiled with calcium carbonate for 
twenty to thirty minutes, filtered, and concentrated to 5 — 7 c.c. 
Calcium phenyl-lactate is precipitated by the addition of a few 
drops of 2J/-calcium chloride. The phenylTactate is dissolved in 
2 c.c, of concentrated hydrochloric acid, and the m. p. of the 
phcnyl-lactic acid which separates after several hours is determined 
after recrystallisation from alcohol or benzene. 

The author has isolated another hydroxy-acid, m. p. 93 — 94°, 
mol. wt. 176, which is very strongly laevorotatory, and is probably 
derived from an isomeride of phenylalanine. 

The phenyl acetaldehyde obtained by heating 0-01 gram of phenyl- 
lactic acid develops with 2 — 3 c.c. of 50% alcoholic sulphuric acid 
a permanent, green coloration after keeping for several hours. 

Chemical Abstracts. 

Detection of Carbamide. J. F. A. Pool {Pharm. Weekblad, 
1920 , 57, 1^8 — 179).— The presence of the enzyme urease may be 
detected in soja beans by means of the colour effects produced in a 
jelly containing 2% of carbamide and aqueous yeast extract (A., 
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1916 i 536) Conversely, the presence of carbamide in solutions 
may ’be shown by making the liquid neutral to phenolphthalem, 
adding 2% of agar-agar, boiling, and placing a small section of soja 
bean on a portion of the jelly solidified in a watch-glass. After 
some lime a red coloration begins to spread from the bean out- 
wards. “■ 

Method of Estimating Quinine and Strychnine when 
Occurring in Common Solution. A, R. Bliss (/. Amer. Pham 
Assoc 1919 8, 804— 807) —The method is based on the solu- 
bility of strychnine in water (1 in 6420) and its slight solubility 
in ethyl ether. Fifty c.c. of the preparation are freed from alcohol, 
a slight excess of citric acid is added, followed by an excess of 
aqueous ammonia, the total alkaloids are extracted by chloroform- 
ether mixture, the extract is evaporated, and the residue is dried 
and wei^^hed. The total alkaloids are dissolved in dilute sulphuric 
acid, an° excess of water (more than 6500 times the weight of the 
strychnine) is added, together with an excess of aqueous ammonia, 
and the mixture is shaken seven times with ether. The ethereal 
extracts are united, washed with 5 c.c. of water and evaporated, 
and the r&sidne is dried and weighed as quinine. The residual 
aqueous solution is extracted seven times with chloroform, the 
extracts are united and evaporated, and the residue is dried and 
weighed as strychnine. Excellent results are recorded for solutions 
of approximately known strength. Chemical Abstracts. 

A Modification of the Francis-Connell Method of 
Estimating Hydrocyanic Acid. Paul Menaul and C. T. 

Dowell (J. Agnc. Ets., 1920, 18, 447— 450).— See this vol., 
i, 359. 


The Toxicological Detection of Physostigmine fEserinel. 

H. FiiHNER {Biochem. Zeitsch., 1918, 92, 347—355). — Quantities 
of 5/1000—1/100 mg. of eserine can be detected by means of the 
biological eye reaction in the cab. The author finds that in the 
case of the 'plain muscle of the leech, minute quantities of eserine 
in the presence of acetylcholine increase the contraction of the 
muscle brought about only to a small extent by acetylcholine alone. 
By this joint action of the two drugs on the muscle of the leech, 
1/10,000 mg. of eserine can be detected with certainty. S. S. Z. 


A Quantitative Biological Method for the Estimation of 
Nicotine. H. Fuhner [Biochem. Zeitsch., 1918, 92, 355—361). 
—By means of the contraction produced by the action of nicotine 
on the plain muscle of the leech, it is possible to estimate quanti- 
tatively 1/100 mg. of the drug. The myograph of the nicotine 
solution of unknown strength is compared with that of a solution 
of known strength, S. S. Z. 
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LI . — Tilt Falling Sphere Viscosimeter. 


By William Howieson Gibson and Laura Mary Jacobs. 

Although the rate of fall of a steel ball through a viscous liquid 
is frequently made use of as an empirical test, little work has been 
(lone on the application of this method to the determination of the 
absolute viscosity of liquids. 

Til view of the simplicity of the method and the advantages it 
possesses when very viscous liquids are being examined, it was felt 
that a standardised falling sphere viscosimeter would be of value 
ill certain researches on nitrocellulose solutions. 

The conditions, corrections, and sources of error in applying this 
method were therefore considered, and an apparatus was specified 
capable of measuring the absolute viscosity of a wide range of 
liquids with considerable accuracy. In this connexion, we are 
indebted to Mr. W. MacNab for a sketch of the apparatus which 
he had found convenient for the comparison of nitrocellulose 
solutions. 

The apparatus has now been in use in Government laboratories 
for testing purposes since February, 1917, with satisfactory results, 
so the initial work is now published, in the belief that it may have 
further applications. 

The velocity of a sphere falling vertically in a fluid in relation 
to viscosity was investigated mathematically by Stokes (see Lamb, 
'Hydrodynamics,” p. 587 et &eq.), who derived the well-known 
equation 



where V is the velocity of the sphere, r the radius and s the 
density of the sphere, and cr the density and tj the viscosity of the 
liquid. 

This equation holds only when the conditions are such that 
jg small, since from dimensional considerations it is 

apparent that the general expression for the resistance experienced 
by a sphere in falling through a liquid is 

r7r(s-o-)r 
L V 


and this only simplifies to as required by Stokes’s equation, 
when n=l. Higher powers of n can only be neglected if 
VOL. cxvn. - X 
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is sniall (see Edser, “General Physios/’ p. 489, or 

V 

Poynting and Thomson, “Properties of Matter,” p. 222). 

Stokes’s equation applies only to a sphere falling through an 
infinite extent of liquid, hut the velocity of a small sphere falling 
axially through a viscous liquid in a cylinder has been discussed 
mathematically by Ladenhurg /Viy.siA', 1907, [iv], 23 , 9, 

447), Lord Rayleigh {I'hiL 1898, [v], 36 , 354), and Allen 

1900, [v], 50 , 323), and Ladenhurg (.4 w/<. 1907, [iv|. 

22, 287) made use of the principle for the determination of the 
viscosity of Venice turpentine under pressure. Sheppard (.7. /«</. 
Krnj, (Uiem., 1917, 9, 523) has used the method of the falling 
sphere for the determination of the absolute viscosity of viscous 
liquids, such as solutions of nitrocellulose, but the correction formula 
for the effect of the walls of the vessel on the time of fall of the 
ball applied by him is not that reached mathematically by Laden- 
burg, Rayleigh, and Allen, which we have found to be correct 
experimentally. Further, the comparatively large-sized balls used 
by Sheppard are not an advantage. 

According to Ladenhurg, there are two litiear corrections to he 
applied to the simple Stokes’ equation for the case of a small 
sphere falling axially through a viscous liquid in a cylindrical 
tube, a correction for wall-effect and one for end-effect. 

The correction for wall-effect is 

F{l+2'4ic) = (2) 

where x is the ratio of the radius of the sphere to that of the 
cylinder, I' is the velocity of the sphere, and Fqq the velocity of 
the spheUe corrected for an infinite medium. This formula wa;- 
confirmed experimentally for tubes and balls of the radii used by 
us, but fails when x becomes large, hence for a steel ball of given 
diameter the diameter of the tube employed must be sufficiently 
large for the correction to apply. Sheppard used for a correction 

the empirical formula ^ 

fall of the sphere through a length the time of fall in an 

infiniti8 medium, r the ratio of the radius of the cylinder to that 
of the sphere, c a constant depending on the diameter of the 
sphere, and n is a constant taken by Sheppard as 2. 

From the form of this expression, it is an endeavour to apply 
(L correction for cases when the diameter of the tube is not large 
enough relatively to the sphere for the linear correction of Laden- 
burg to apply, but although the expression may fit the authors 



THE EArXINO, SPHERE VTSOOSIMETKR. 


475 


(lata when suitable constants are chosen, this does not prove that 
the value of Too obtained is the correct one. 

The correction for end-effect has not been taken into consider- 
ation by Sheppard. It is of less importance than that for wall- 
effect, but is appreciable. If the velocity is measured in the middle 
third of the tube, the correction is 

^00 = (l+3-3 gr (3) 

where r is the radius of the sphere and h is the height of the 
liquid. 

The complete equation, including both corrections, for the fall- 
iiff sphere viscosimeter is consequently 

9,F(l+2-4a;)(^l + 3-3-^^ = 2gr^s-a) ...(+) 

)r, if the time of fall T through a length s is measured, 


9,s(l + 2-4 + 3-3 0 = 2gr‘(s-a-)T. ... (5) 


If spheres of equal radius are used in tubes of the same 
.liiiiensions, the only variables are relative density, viscosity of the 
liquid, and time of fall. A simple equation, 


(«) 


Vl 

resembling the expression used for the Ostwald pattern of capillary 
viscosimeter, can then be employed to obtain the viscosity of a 
iiquid when the time of fall for another liquid of known viscosity 
is known. This permits of the standardisation of viscosimeter 
tubes by means of a standard liquid the viscosity of which has 
been determined, either in a tube, the dimensions of which have 
been accurately measured, or by another method. 


Selection of Components, 

The considerations which influenced the specification of the 
apparatus may now be discussed. 

In the choice of a sphere, uniformity of diameter is most 
important, and steel bali-bearings are very satisfactory in this 
respect. They are guaranteed by the makers to be correct within 
O’0025 mm. Tested by the measurement of one gross of balls, 
this was found to be the case. The possible error on the radius of 
the sphere when a ball of 0T5 cm. in diameter is taken is there- 
fore only 0T6 per cent. 

T 2 
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A ball of 015 cm. in diameter was chosen as the standard size, 
as it was the smallest stock size. The advantages of using tlie 
smallest ball available are that the correction factors may ])© 
applied to tubes of small 'diameter, and since the expression 

which must be small for Stokes's equation to hold 
V 

decreases with r, that valid results may be obtained over a wider 
range of liquids. The density of the steel of which the ball- 
bearings are composed was determined for one gross of balls, and 
found to be 7-65. 

It is unlikely that great variations exist in the density of ball- 
bearings, and error can always be avoided by determining the 
density of the balls in use. 

Before the standard diameter for the viscosimeter tube was 
fixed, many experiments were made in which a sample of castor 
oil was used as the liquid, and the times of fall of standard 015 cm. 
spheres in tubes of different diameters were determined. 

The results obtained at 20° with five tubes are given in table T. 


Table I. 


Diameter of 

Time of fall 


Time of fall, 
infinite 

tube. 

for 15 cm. 


medium. 

Cm. 

Seconds. 

X. 

Seconds. 

0-85 

25-2 

0-187 

17-4 

114 

21-8 

0-1395 

16-3 

2-10 

18-8 

0-0767 

16-9 

3-50 

17-7 

0-0464 

15-06 

4-64 

17-4 

00360 

16-0 


It will be seen that the time of fall, calculated for an infioite 
medium, becomes constant for the wider tubes. The small differ- 
ences are ascribed to irregularities in the bore of the tubes. 

For the standard tube, an internal diameter of 2 ±0-05 cm. 
was specified as coming within the limit of applicability of the 
correction factor, whilst being more convenient than wider tubes. 
The maximum error involved in taking these tubes as exactly 
2 cm. in diameter without measurement is 0'4 per cent., since the 
correction factor for 1’95 cm, is 1T95, for 2 cm. 1-1905, and for 
2‘05 cm. 1T86. In technical work, an error of this magnitude 
may often be neglected, but it is preferable to standardise each 
tube by measuring the time of fall with a liquid of known viscosity 
for accurate work. If the values of »ji, o-,, and for the liquid 
of known viscosity and s the density of the steel are substituted 
in equation (6), it becomes 


= A (s— cr)T . 
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where -S' is a n'umerical constant involving all the corrections for 
the particular tube, termed the tube constant. 

The total length of the viscosi- 
nieter tube was fixed at 29 cm., 
and it was divided into three 
5-cm. lengths for measurement of 
time of fall, another 5 cm. was 
allowed for the ball to acquire its 
uniform velocity, and a further 
graduation mark fixed the height 
of the liquid in the tube. To 
deliver the sphere into the centre 
of the tube, the following simple 
device was found satisfactory. 

The tul)e was closed by an india- 
rubber stopper, bored centrally, 
with a glass tube of 3 mm . 
internal diameter and 7 cm, long 
passing through it. 

This tube was adjusted to dip 
3 cm. below the surface of the 
liquid in the viscosimeter tube, 
a small hole in the side wall of 
the releasing tube just below the 
stopper serving to adjust the 
pressure inside and outside the 
tube. The sphere, when dropped 
into the releasing tube, travels 
very dowly down it, and is freed 
from air bubbles; it then leaves 
the end below the surface of the 
liquid with the minimum of dis- 
turbance and in the centre of the 
tube. 

The accompanying diagram 
shows the arrangement of the 
apparatus. 

I iacosity of (Jdstor 0U >. — 

Ca3h)r oil was chosen as a con- 
venient standard liquid. 

The viscosity of castor oil has C Z 

heeii determined over a range or 

temperature by Kahlbaum and Raber (Kak. Lcopaarol. Deul. 
■iMa. iVaturf. Halle, 1905, 84 , 203). 




lie:: 
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Table II gives a few of their resiilts. 

Table II. 

Temperature. 16-1* 19-6'’ 22' 6“ 248® 26-4® 

Viscosity in C.G.S. units 13-704 10-272 7-908 6-592 g-OQj 

The viscosity at 20° is therefore 9'9. 

The time of fall of a standard ball through 15 cm. of castor oil 
in a standard viscosimeter tube of 1 cm. radius at 20° was found 
to be 19*4 seconds. 

Substituting in equation (5), this gave 

9 X ij X 15 X 1*1905 X 1 - 0103 - 2 x 981 x 0*07942 ^ 6 69 ; 
hence tj = 9 - 888 . 

The density of the castor oil was 0*96 and the density of the 
steel 7*65. 

The result obtained with the falling sphere viscosimeter i? 
remarkably close to that obtained by Kahlbaum and Raber, ami 
indicates that the instrument may be used with confidence to 
determine the viscosity of liquids with similar or greater viscosity. 


Summary. 

The theory of the falling sphere viscosimeter is briefly discussed 
and the magnitude of some corrections and errors are indicated. 

The bearing of these on the design of an instrument for general 
use is discussed. 

The viscosity of castor oil determined by this instrument is 
shown to agree with the value found by Kahlbaum and Raber. 

This work was carried out at the Research Department, Royal 
Arsenal, Woolwich, and is published by permission of the Director 
of Artillery, War Office, to whom our thanks are due. 

We also desire to express our thanks to Lieut. -Colonel R. A, 
Craig, C.M.G., and to Sir Robert Robertson, K.R.E., F.R.S.. for 
the interest they have taken in this work. 

Research Department, 

Royal Arsenal, 

Woolwich. [Received, March 10<^, 1920.] 
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Lll . — The Viscosity of Solutions of Cellulose. 

By William Howieson Gibson. 

Part I. 

Di:niNG the progress of work in connexion with the manufacture 
of propellant powders, some observations of general interest on 
the viscosity of solutions of cellulose have been made, and this 
paper gives a brief account of this portion of the work. 

Very many determinations of viscosity have been made, so a 
selerdion only has been given. 

A number of determinations of the viscosity of cupr ammonium 
solutions of various forms of cellulose, such as cotton, wood- 
pulp, etc., were made by Ost {'/iciisick. anfifAi'. Chern., 1911, 24 , 
1892), who claimed that viscosity determinations carried out by 
his method gave useful information on the nature and technical 
value of celluloses. 

As the determination of viscosity seemed to be a promising 
method of obtaining information of technical value, a considerable 
number of experiments were carried out by Ost's method, but the 
results were far from satisfactory, owing to the progressive changes 
which took place in the solution, which are referred to in OsUa 
paper. 

In order to improve the method, elimination of the progressive 
change in the solutions was essential, and as afr-oxidatian seemed a 
probable cause, complete exclusion of air was tried. 

The difficulties in obtaining tnistw^orthy viscosity determin- 
ations were overcome in this way by the use of the hydrogen 
capillary viscosimeter, and, later, the falling sphere viscosimeter 
(see Part II). 

Although the hydrogen capillary viscosimeter was somewhat 
troublesome to manipulate and could only be used for solutions of 
cellulose up to 1 per cent., it was found very useful in studying 
the effect of various treatments on cellulose. 

The viscosity in C.G.S. units of 1 per cent, solutions in 
cuprammoniurn of twenty-eight samples of purified cotton -waste 
examined in the bydrc^en capillary viscosimeter ranged from 4‘53 
to 0*14, and the viscosity of a trade sample of unpurified waste 
was found to be 7 units. These results indicated that considerable 
difference existed between different samples of purified cotton- 
waste, which could probably be ascribed to difference in treat- 
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ment. The high viscosity of unpurified cotton was also definitely 
established. 

The effect of variation in the conditions of treatment of cellulose 
with sodium hydroxide solutions on the viscosity of the product 
was studied on the laboratory scale, using the hydrogen capillary 
viscosimeter. 

The results obtained in these experiments are given in the 
following tables, and are plotted in Fig. 1. 


Table I. 


Conditions of boiling. 


Number Viscosity in 1 per cent, solution 
of curve C.G.S. units, 

in Fig. 1. Time of boiling in hours. 


Cotton 100 parts. NaOH 

18 parts. 

i li. 

3. 

6. 

9. U. 

Pressure, 5-6 kilos, per sq. cm. 



4 per cent. NaOH solution. 

2 ,, 11 

T. 14-48 0-40 
II. 14-48 0-54 

0-13 

0-21 

009 

0’14 


Pressure, 2-8 kilos, per sq. cm. 



4 percent. NaOH solution. 

2 „ t, If 

in. 14-48 2-51 
IV. 14‘48 3-61 

1- 46 

2- 40 

0- 84 

1- 87 

0-45 0-4: 
0-75 0-5 

Pressure, 1-4 kilos, per sq. 

cm. 



4 per cent. NaOH solution. 

2 ,, 

V. 14-48 

VI. 14-48 



2- 65 

3- 90 


Table II. 





Parts of NaOH solution to 1 part 
of cotton. 


2.^ 

4. 

8. 

16. 


Pressure, 5 6 kilos, per sq. cm. 

Time hours. 

4 per cent. NaOH solution 0-43 


1-27 


0-40 

0-72 


0-29 

0-54 


0-32 

0'53 


Consideration of these results leads to the following conclusions 

(1) Temperature is the main factor in reducing the viscosity of 
cotton during boiling with sodium hydroxide. 

(2) The viscosity falls rapidly at the beginning of^ the experi- 
ment, and the rate of fall slackens as the boiling continues. 

(3) The concentration of sodium hydroxide solution influences 
the viscosity. With a 2 per cent, solution, the viscosity 



SOLUTIONS OF CELLULOSE. PART I. 


481 


approximately about 50 per cent, higher than with a 4 per cent, 
solution. 

(4) At high temperatures, the viscosity falls so rapidly that the 
concentration of the solution is of little practical importance. 

(5) With mild treatments, the actual difference between con- 
centrated and dilute solutions is more pronounced. 

(()) When the proportion of solution to cotton is increased, the 


Fig. I. 



viscosity is reduced. This may be due to the concentration of the 
solution remaining more uniform during the boiling. 

The experiments indicated quite clearly that the viscosity of 
purified cotton could be controlled by controlling the conditions 
of the boiling process. Examination of samples of bleached and 
unbleached cotton-waste were made, and led to the conclusion 
that the process of bleaching with weak bleaching powder solution 

T* 
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had little effect on viscosity. The effect of treating the cotton 
with sulphuric acid (O' 25 per cent.) was found to be negligible- 
thus, the viscosity of the same sample of cotton before treatment 
was 0'42 unit, and afterwards 0‘45 unit. 

Many samples of cotton boiled on the manufacturing scale 
under various conditions have now been examined with the f allium 
sphere viscosimeter, and several interesting relationships have been 
indicated. The large-scale work has proved conclusively that the 
conditions of the boiling process determine the •'viscosity of the 
purified cellulose, and it has been found possible by atandardisinc^ 
these conditions to keep the viscosity of cotton-waste used for nitra- 
tion within much narrower limits than heretofore. The results 
of the determination of the viscosity of one blend of cotton-waste, 
using different Irealineots, are given in table III, 


Table III. 


Solution, 

Pressure of 
steam. Kilos, 
per sq. cm. 

Time. 

Hours. 

Viscosity of 
2 per cent, 
solution. 

2 per cent. NaOH 

2 per cent, NajCOj 


10 

317 

2 per cent. NaOH 

2 per cent. NajCO, 


20 

256 

4 per cent. NaOH 


10 

332 

4 per cent. NaOH 

“ ■ • JT 

20 

193 

2 per cent. NaOH 

1-4 

10 

240 

2 per cent. NaOH 


20 

94 

1 per cent. NaOH 

3 per cent. NagCOg 

2-8 

10 

172 

2 per cent. NaOH 

2 per cent. Na^COa 


10 

129 

2 per cent. NaOH 

2 per cent. Na,COa 


20 

19 

2 per cent. NaOH 


10 

73 

2 per cent. NaOH 

j ^ 

20 

24 

4 per cent. NaOH 

, j 

10 

48 

4 per cent. NaOH 

,, 

20 

4 


These results again indicate the importance of temperature in 
reducing viscosity, and the influence of strength of solution is 
shown. It is also evident that sodium carbonate is ineffective 
compared with sodium hydroxide. 

The experiments on different classes of waste given in table IV 
are of considerable interest. In these experiments, the conditions 
were the same in all cases, but the Eastern cottons give products 
the viscosity of which is about half that of American cotton of 
similar grade. 

There is also a marked difference in the viscosity obtained with 
long- fibred cop -waste and short-fibred fly. It is hoped that further 
work in this direction will enable more definite correlations to be 
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niade between climatic conditions of growth of cotton and the 
viscosity of solutions, and also between maturity of fibre and 
viscosity. 

Table IV. 


'freatnie/it.—Ten hours under a pressure of 2'8 kilos, per sq. cm. 
with 4 parts of 3 per cent, sodium hydroxide solution to 1 part 


of cotton. 


Material. 

American Fly 

Kastern Fly 

American Cops 

Eastern Cops 


Viscosity of 
2 per cent, solution, 
128 
53 
57 
25 


A further relationship has been shown to exist between the 
viscosity of cellulose, solutions and the viscosity of nitrooellulose 
solutions. The property inherent in cellulose to which viscosity 
is due is transmitted to the nitrated derivative. Table V indicates 
that high viscosity in the cellulose is accompanied by high viscosity 
in its derivative. 

Table V. 


Viscosity of cotton : 
2 per cent, 
cuprammonium 
solution. 

317 

172 

48 

4 


Viscosity of nitro-cotton ; 
5 per cent, solution in 
a mixture of ether and 
alcohol. 

57 

43 

29 

10 


At the instance of Mr. F. R. Jackson, Director of the Flax 
E.xperimental Station at Selby, five samples of flax supplied by 
him were examined for viscosity by the falling sphere method. 
The results obtain erl are given in table VI. 


Table VI. 


.4. Pond retted, hand scutched flax 

As 4, but twice scutched by machine 

0 . Twice retted in tanks under controlled conditions, . . . 

ft Russian dew-retted, low grade 

t'. Originally scutched without retting, fibre then retted 
and re-scutched 


•Viscosity of 
1 per cent, 
solution. 
22-3 
19-7 
30-2 
11-3 

25-5 


These preliminary results indicate that the viscosity bears a 
lelationship to the character of the flax ; thus, Russian dew-retteil, 
low-grade flax differs widely in viscosity from sample C, Selby flax, 
letted in warm water, and of far superior quality. 

2 
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The viscosity-concentration curve for cellulose in cuprammoniiun 
has been studied, but Arrhenius's simple formula appears only to 
apply over short ranges of concentration. 

A relationship between viscosity and solubility of cellulose i)i 
cuprainmonium solution is indicate<l by observations made with n 
variety of t^llulose. 

The work has scarcely progressed far enough for wide general- 
isations to be made, but it seems clear that certain treatments can 
be applied to cellulose which alter its physical' properties pro- 
foundly, but produce no decided change in chemical properties. 
This lends support to the view that the production of cellulose in 
the plant is a process of polymerisation, the older layers, pre- 
sumably, being more highly polymerised than new growth; the 
process of boiling with sodium hydroxide may effect the reverse 
change and depolymerise the cellulose. 


Part II. 

[With Leo Spencer and Robert McCall.] 

The Hydrofjen CapiUari/ VHcosimeitr. 

The chief difficulty with Ost’s method of determination of 
viscosity is the progressive alteration which the solutions of cellu- 
lose undergo, changes in viscosity occurring all through the proces? 
of solution and up to the time of making the determination. 
Investigation showed that this change was caused by the presence 
of air and light, so a viscosimeter was devised in which solution 
of the cellulose was effected in an atmosphere of hydrogen and the 
influence of light was avoided. With this apparatus, con cord ant 
results were obtained, and it was possible to repeat detenniii 
ations of viscosity of cellulose with satisfactory results. The 
apparatus consisted of: (1) a Kipp’s hydrogen apparatus; (2) a 
washing bottle filled with sodium hydroxide solution to free the 
hydrogen from acid; (3) a glass cylinder of about 100 c.c. capacity 
to contain the cotton and cupr ammonium solution, and a three 
holed rubber stopper to fit; (4) a capillary viscosimeter, bulh 
3 — 4 c.c., capillary of internal diameter 0‘7 mm,, length 

12 — 15 cm.; (5) a tap funnel of 10 c.c. capacity to introduce thf 
solution into the containing cylinders; (6) a supply of large glas' 
beads. 

The arrangement of the apparatus is shown in Fig. 2. 

Procedwe . — Half a gram of dry cotton is cut into small piece* 
to facilitate solution. The cotton, together with six or eight glass 
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l>eads, is introduced into the cylinder. The rubber cork contain- 
ing the viscosimeter and inlet tubes is then inserted, and the air 
is displaced by a current of hydrogen whilst the cylinder is in an 
inverted position. A period of less than twenty minutes is 
necessary for complete displacement of air, and this is most 
essential, as even minute traces of air lower the viscosity of the 
ciipramnionium solution of cotton. When the displacement of 
air is complete, 50 c.c. of cupr ammonium solution are added in 
the following manner. The ta]) funnel, 1), is attached to the 
capillary outlet tube at f ', and the tap is opened for a few seconds 
to displace any air in the outlet tube and the connexion. The 
current of hydrogen is then stopped, the dip at B unsorewe^l, and 


Fin. 2. 



the solution is allowed to run from IJ into the cylinder. The 
clips at B and C are then screwed up tightly, the hydrogen is 
again turned on, and the contents of the cylinder are shaken 
vigorously until solution is complete. To carry out the deter- 
mination, the solution is forced up into the viscosimeter bulb by 
closing the clip at A and applying suction at B. The clip at B 
is then closed and that at A opened, allowing the solution to fall 
in the capillary tube. The time of fall between two marks is then 
measured by a stop-watch. The measurement is repeated, with 
intervening shaking, until the results are seen to be constant, as it 
is sometimes difficult to tell by inspection whether solution has 
been complete. Brown paper covers for the cylinder and viscosi- 
meter serve to protect the solution from the action of light. The 
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viscosimet-er is standardised by me-ans of a mixture of glycerol and 
water; the viscosity of this mixture is then compared with that 
of water in a viscosimeter of the Ostwald type of smaller bore. 


Effer.i of on the Viiyeonttf of (JeUuloi^e Solutionis. 


The following experiment indicates the effect of air on the 
viscosity of cuprammonium solutions of cellulose. A solution of 
cotton in cuprammonium was mad© in the presence of hydrogen^ 
and the hydrogen was then displaced by air. 

In one case the solution was allowed to remain without shakin<y 
and in the second the solution was shaken continuously. 


Viscosity : Water ^ 1 


Time of contact 
with air in hours. 
{) 

1 

l" 

4 

10 

30 

40 


Standing only. 
73 
73 
72 
63 
48 
31 
16 
12 


With shaking. 
60 
8 
4 
3 


Effect of on 

In this experiment, a solution of cotton in cuprammonium was 
made in the presence of hydrogen, and the viscosity was measured. 
The solution was then exposed to light. The following determin- 
ations were made at intervals : 


Initial viscosity. 1376. Water = 1. 

After exposure to bright sunlight for 10 

minutes 191 

After a further hours protected from 

light 186 

After further exposure for 10 minutes .... 84 

„ „ „ ir> 56 

„ „ ,, 30 38 

75 27 


Use of the Fallinfi Sphere Vii<cosi meter for C upram?noninm 
Solutions, 

It appeared from the work with the hydrogen capillary viscosi- 
meter that the falling sphere viscosimeter (see preceding paper) 
could be adapted for use with cuprammonium solutions of cellu- 
lose. It was necessary to use a narrower tube. 1 cm. in diameter, 
owing to the deep blue colour of the solution, otherwise the 
standard apparatus previously described was used. 
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As more viscous solutions could be dealt with advantageously, 
•j j)er cent, solutions of cellulose in cuprammoniuin were used. 

It was necessary to avoid contact with air during the solution 
of the cellulose. This is effected by placing 100 c.c. of cupr- 
ammoiiium solution with eight or nine glass beads in a stout, 
brown glass bottle of 150 c.c. capacity, and adding the weighed 
quantity of cotton. The bottle is then closed at once with an 
inciiarubber stopper, through which a short capillary tube passes, 
one eud being flush with the bottom of the stopper, the other end 
being connected by a short length of indiarubber tubing provided 
with a screw clip, to a second and similar bottle. The latter is 
closed with a rubber stopper through which pass two short gla'bs 
tubes, one provided with a glass tap connecting it to the first 
bottle, the other connecting it by means of a short piece of pressure- 
tubing provided with a screw clip to the water-pump. 

The connexion between the first and second Iwttle is closed by 
means of the tap, and the second bottle is exhausted by the 
pump; the screw clip between the second bottle and the pump is 
then closed and the glass tap is suddenly opened, when the rapid 
suction of air from the first bottle into the second causes bubbles 
to rise from the cupr ammonium solution and to displace the air. 
This operation is repeated three times. The use of the second 
bottle ensures efficient and standard exhaustion of air without 
undue loss of ammonia. The screw clip attached to the first 
bottle, hitherto open, is now closed as tightly as possible, the bottle 
is detached, and immediately shaken vigorously for five minutes. 
The bottle is then immersed in a covered bath of water at 20°‘ for 
eighteen to twenty-four hours with occasional shaking. The 
viscosimeter tube is filled from the. bottle without access of air 
in the following manner. AVhen solution is complete, the stopper 
is removed from the bottle without disturbing the liquid, and is 
replaced by a rubber stopper carrying a short inlet tube reach- 
ing to 1 cm. from the bottom of the bottle, and an outlet tube, 
diameter 5 mm., flush with the bottom of the stopper and about 
50 cm. long, the inner end of which is capped by a cover of fine- 
meshed copper gauze. The viscosimeter tube, exactly 1 cm. 
diameter, is slipped over the long outlet tube, and the bottle is 
then inverted without shaking the liquid. The solution flows down 
into the viscosimeter tube, and, as the latter fills, the outlet tub© 
IS raised, but not above the surface of the liquid, care being taken 
to avoid air bubbles. With highly viscous solutions the flow is 
accelerated by the application of compressed air to the inlet tub© 
of the bottle. When the tube is filled to within 3 cm. of the top 
the bottle is removed. The filled viscosimeter tube is then fitted 
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with a rubber stopper carrying a releasing tube for the steel ball?, 
which should be exactly central. The viscosimeter tube is then 
placed in a vertical position in the water-bath at 20®, and the 
determination made by measuring the time of fall of a O' 15 cm, 
steel ball through 15 cm. With this method of filling, 
measurement is made through solution which has not been exposed 
to air. 


Valcidaiion of AbsohAc Vi$codfy. 


If the mean time of fall of the ball through 15 cm, is the 
absolute viscosity, ?/, is given by 

7 j = 0 ' 42 /, 

the constant 0 4^ including the correction factors. These are 
determined by calibration with castor oil of known viscosity, thus: 
Density of cellulose solution, 0*95; viscosity of standard sample 
of castor oil, 9'888, D 0'96; time of fall of ball through 15 cm. 
in 1-cm. tube, 23'4 sec. 


Constant = ^ — 

t -- o-i) 


9-888 X 6-7 
23'4x 6'69 


0-423. 


Study of the Cvpramuwniujv, SoluUom:^ for Cellulose. 

Although the main difficulties in the way of trustworthy deter- 
minations of the viscosity of solutions of cellulose in cup r ammonium 
disappeared when the precautions used to avoid the action of light 
and air had been adopted, minor irregularities were still some- 
times obtained, and as Ost's method for the preparation of the 
cuprammonium solution was being followed, this was eventualh* 
suspected as the cause of trouble. It was notio^ that whilst 
duplicate experiments carried out on the same day gave results 
which were quite concordant, irregular results were obtained when 
an interval of some weeks was allowed to elapse before the dupli- 
cate experiment was carried out. A few extreme results may be 
given to indicate the nature of the discrepancies. 


Cotton 4. Viscosity in Ost’s solution ^*22 

Viscosity 3 weeks later I'SO 

Viscosity 6 weeks later 1’72 

Cotton B. Viscosity in Ost’s solution 1-23 

Viscosity 6 weeks later 1-60 


The analysis of various solutions showed that the variations in 
copper content were somewhat larger than would bo expected from 
the examples given by Ost. 
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The extreme figures were: 

Copper, 

grams per litre. 
161 
11-6 


Ammonia, 
grama per litre. 
196-4 
225-2 


When the copper and ammonia contents were intentionally 
varied widely, it was found that the viscosity of a sample of cotton 
was affected as follows : 


Composition of solution, 
grama per litre. 


Cu. 

NH,. 

8-47 

266-9 

16*33 

202-9 

22-84 

175-1 

28-40 

129-7 


Viscosity 
of cotton. 

1- 64 

2- 52 

3- 54 
5-44 


In the preparation of Ost's solution, besides the apple-green 
basic copper sulphate, two distinct precipitates are obtained, one 
pale blue and the other dark blue. Addition of water to the 
solutions containing these precipitates caused the dark blue needles 
gradually to dissolve, but left the pale blue precipitate undissolved. 

The solutions were found to contain sulphate in quantities which 
increased as the concentration of the ammonia decreased. The 
dark blue needles, described by Ost as cup r ammonium hydroxide, 
had the same crystalline form as tetrammine copper sulphate 
(Found: Cu-25-84; Calc.: Cu = 25-86; S 04 = 39’l 

per cent.). The pale blue precipitate was free from sulphate and 
was apparently copper hydroxide. 

The precipitate of basic copper sulphate used by Ost to prepare 
his solution therefore appears to dissolve in ammonia as cupr- 
ammonium hydroxide and as tetrammine copper sulphate, any 
excess being left as tetrammine copper sulphate crystals and copper 
hydroxide. 

To obtain further information, the solubilities of tetrammine 
copper sulphate in ammonia and copper hydroxide in ammonia 
were determined, with the following results. 


SoluUHty of Tetraminine CopiJer Sulphate at 15° in Ammonia. 


Cu, grams per litre. 
0-43 
M3 

2- 37 

3- 46 
5-16 
7-66 

n-u 


NHj, grams per litre. 
234-1 
222-1 
192-9 
175-8 
153'7 
145-3 
134-0 
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The solubility of copper hydroxide in ammonia has been 
previously determined by Bonsdorff {Zeitsch, anorff. Chem., I904 
41 , 132) and Dawson (T., 1909, 95 , 370). In our work, the copper 
hydroxide was prepared by triturating basic copper sulphate with 
sodium hydroxide, as described by Dawson. 

Solirhilifj/ of Copper Ht/droxule in- A nt mon in. 


Solution Cu, grams per litre. NHj, grams per litre. 

A. 11-8 19.5-3 

Ist dilution ll-tJ 150-5 

2nd „ ll-O 132 5 

3ra „ 10-4 119- r. 

4th 8-9 99-1 

5th „ 7-4 85-1 

6th 64 72-8 

7th 5-2 63-7 

8th „ 4-6 56-4 

9th „ 2-9 38-0 

lOth 1-3 22-5 

B. 12-2 205-2 

1st dilution 121 176-4 

2nd ll-C) 147-2 

3rd 9-6 112-8 

4th 7-8 95-9 

5th „ 6-4 77-7 

6th „ 5-2 60-8 

7th 4-0 46-2 


The solubility of tetrammine cupper sulphate in ammonia is a 
delinite figure, since this substance is a definite crystalline com 
pound, but the solubility of copper hydroxide seems to depend 011 
the method of preparation adopted, and unless great precautions 
are taken, slight variations may be obtained even when one method 
of preparation is used, giving slightly variable solubility figures. 

If the basic copper sulphate obtained by Ost’s method behaves, 
on treatment with ammonia, as tetrammine copper sulphate and 
cojjper hydroxide, there will be a definite solubility of the tetr 
aramine copper sulphate in ammonia of any particular strengtli 
and a solubility of copper hydroxide, which may vary owing to 
variations in the conditions of preparation of the basic copper 
sulphate. The use of an excess of basic capper sulphate should, 
therefore, give a solution in ammonia saturated with respect to 
tetrammine copper sulphate and with respect to copper hydroxide. 

This was tested quantitatively in the following manner. A 
large excess of basic copper sulphate obtained by Ost’s method 
added to ammonia (D O' 880), and the whole kept in a thermostat 
at 15 ° in a tightly stoppered bottle for twenty- four hours and well 
shaken at intervals. The content of copper and ammonia in solu- 
tion was then estimated. Additions of distilled water were then 
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uiaJe. and after each addition the solution was shaken at 15° for 
twenty-four hours before estimating the co}}))er and ammonia 
a<Taiii. I’wo sets of experiments were carried out, and the results 
were as follows: 


Solution. 

Cu, grams per litre. 

!NH 3 , grains per lilie. 

Origiaftl t 

11-0 

207 1 

\ftcr 1st dilution 

11-8 

247’ 5 

, 2ad „ 

12-6 

237-2 

3rd M 

13*3 

228'4 

4th 

15-7 

207-0 

5th 

17-8 

192-2 

0th ,, 

19-4 

182-0 

7th 

23'3 

145-6 

.. 8th 

26-4 

129-7 

Original No- 2 

11*3 

237-8 

After Ut dilution 

13-5 

218-0 

2nd „ 

140 

206-7 

3rd 

10-7 

194-4 

4th „ 

17-4 

181-5 

5th „ 

17-6 

171-7 


The results obtained are not quite coincident, indicating the 
existence of different modifications of the basic copper salt, bub 
the differences are scarcely larger than those obtained in the deter- 
jninatioii of the solubility of copper hydroxide in ammonia. This 
experiment confirms the impossibility of obtaining constant solu- 
tions by Ost's method, owing to the variation in solubility of 
copper hydroxide in ammonia. 

If the solubility curves of basic sulphate, tetrammine copper 
sulphate, and cupric hydroxide are considered together, it will be 
seen (Fig. 3) that the solubility curve for basic copper sulphate 
represents a solution saturated with both tetrammine copper 
sulphate and copper hydroxide, the solubility being the sum of 
the solubility of tetrammine copper sulphate and of the solubility 
of some modification of copper hydroxide, as the general form of 
the curve and the value of the solubility found is consistent with 
this view. 

The study of Ost’s cuprammonium solution described above 
rendered it evident that the precise adjustment of this solution to 
definite concentration of copper and ammonia would be difficult, 
and as it was apparent that the value of the viscosity obtained 
for a sample of cotton depended to an appreciable extent on the 
concentration of ammonia and copper in the solution, Ost’s method 
of preparation of the solution was abandoned. 

Since copper hydroxide prepared by Dawson’s method showed a 
fairly definite solubility in ammonia, an unsaturated solution of 
this form of copper hydroxide was chosen as the standard cupr- 
ammonimn solution, 
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The method adopted was the following. Sixty grams of copper 
sulphate are dissolved in 1 litre of hot water, a few drops of 
sulphuric acid added, the solution is allowed to cool to 50^ and 
ammonia (D 0*880) added until the precipitation of basic copper 
sulphate is complete, any excess of ammonia being ueutraliswl 
with a few drops of sulphuric acid. The precipitated basic 
sulphate is allowed to settle, and the supernatant liquid decanted. 

Fig. 3. 


Solubilities in ammonia at 15 ". 



Cojiper {gra7ns per litre). 


The precipitate is washed by decantation with hot water, 200 c.c- 
of 20 per cent, sodium hydroxide solution are added, and the 
whole is well shaken at the ordinary temperature. The precipi- 
tat© is couverted into blue cupric hydroxide, which is then alW 
to settle, the supernatant liquid decanted, and the precipitae 
washed by decantation with cold water until the filtrate is 
from alkali and sulphate. The precipitate is then 
washed with distilled water, and dried on a porous plate at 
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file dried cupric hydroxide is transferred to an aspirator bottle 
and 800 c.c. of ammonia, containing 200 — 210 grams of ammonia 
per litre, are ^ded. The whole is well shaken and the excess 
of cupric hydroxide allowed to settle. The supernatant liquid is 
run off through a glass wool filter and the volume measured. 
The copper in the solution is determined, and the theoretical 
quantity of ammonia is added to give a solution containing 
]1 grams of copper and 200 — 210 grams of ammonia per litre. 

The composition of the finished solution is finally checked by 
analysis. 

Trouble may be experienced in preparing this solution unless 
the conditions laid down are strictly maintained. 

This work was carried out at the Research Department, Royal 
Arsenal, Woolwich, and is published by permission of the Director 
of Artillery, War Office, to whom our thanks are due. We also 
desire to express our thanks to Tieut. -Colonel R. A. Craig, 
C.M.G., and to Sir Robert Robertson, K.R.E., F.R.S., for the 
interest they have shown in this work. 

Reseaech Depaetmext, 

Royal Aesexal, 

Woolwich. March \0th, 1920.] 


LIIL — The Influence of the Solvent on the Velocity of 
Reaction hetiveen certain Alhjl Iodides and Sodium 
li-Naphthoxide. 

By Henry Edward Cox. 

From the literature relating to the influence of the solvent on 
velocity of reaction, it is apparent that no satisfactory connexion 
between the physical or chemical properties of the solvent and its 
effect on velocity -constants has yet l^een deduced. Theories which 
are in agreement with the observations in one reaction are found 
to be quite at variance with facts when the same solvents arc 
examined in relation to another reaction. 

The most obvious supposition, based on the Nernst-Thomson 
rule, that the velocity would be greatest in solvents of highest 
dielectric constant, is satisfactory in the case of certain reactions 
investigated by Menschutkin {Zieiiach, 2}h^sikal. (.'hem., 1887, 1, 
^11; 1890, 6, 41), but it is quite useless in the case of a large 
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number of other reaetions, even those in which the reaction is 
probably between ions. 

A comprehensive theory by van’t Hoff (" Vorlesungen/’ 1901, 1. 
214), in which the action of the solvent is attributed to displace 
ment of the equilibrium of the reacting system — ^dependintr 
solubility relations— and a possible specific effect, has been found 
to be in accord with the facts in certain isomeric changes investi^ 
gated by Dimroth (Annalen, 1910, 377, 127), but attempts to 
apply it to other reactions fail. It is therefore evident that specific 
catalytic effects quite outweigh the effects of displacement of 
equilibriiiin . 

There is also no evidence that viscosity of the solvent has any 
preat influence on the velocity-constants; experiments bv 
Reformatsky [Ztitiirh, plij/aikaJ . Chem., 1891, 7, 34) and others 
show that velocity is not decreased by increasing viscosity. 

The only generalisation that appears to be supported by most of 
the available data is that of Patterson and Montgomerie (T., 1912, 
101 , 26, 2100), who state that '"it appears that solvents influence 
quite different reactions in a uniform manner; although the mani- 
festation of this effect may be of an opposite character, a given set 
of solvents may hasten a particular reaction in a certain sequence, 
whilst in the same, or nearly the same, sequence they retard another 
reaction. The property or properties which bring this about are 
]>robably the same throughout.” 

Several examples of this are to be found in the literature, and 
some are quoted by Patterson and Montgomerie. It is considered 
by several authorities that in many or all cases some combination 
occurs between solvent and solute, with the formation of additive 
compounds of an nnstable kind. On the radiation theory (compare 
Baly, Spectroscopy,” 1918, 491), this gives rise to a field of force 
in the surrounding ether, which is opened by the absorbable 
radiation, with consequent increase in chemical activity. 

On these views, it is not unreasonable to expect that there might 
he some connexion between the chemical constitution of a solvent 
and its effect on the velocity of any particular reaction. It is 
therefore of interest to examine the influence: of a series of related 
solvents in the hope of tracing some connexion betwe.eu the con- 
stitution and the effect on the velocity. For the particular reac- 
tions here discussed, the alcohols form a convenient series from 
considerations of solubility. 

The velocity-constants of the reactions between methyl, ethyl 
and n--propyl iodides and sodium jS-naphthoxide have therefore been 
measured in the following fifteen alcohols: methyl, ethyl, and 
iA'o-propyl, /j- .?cc,-, and ferf. -butyl, n~, ua-, .«tec.-, and tert.- 
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amyl benzyl alcohols, and ethylene glycol (as an example 

of a dihydric alcohol). The influence of concentration has been 
measured in four of them, and the effect of water has been studied. 
The alcohols afforded opportunity of observing the effect of struc- 
ture in the different isomerides as well as the regular effect of 
increasing molecular weight in a homologous series. No com- 
plication arises except the possible alcoholysis discussed below and 
the increasing constant in the case of frrf.-amyl alcohol. Sodium 
^-naphthoxide is readily soluble in the alcohols, but it is only very 
sparingly so in neutral or acidic solvents of the associatincr type. 
No results appear on record for a series of alcohols or other^ homo- 
logous series, although a number of observations are recorded on 
ethyl, methyl, /.obutyl, and benzyl alcohols; these are often in 
the same increasing or decreasing order as stated by Patterson and 
Montgomerie. 

Some account of the reaction between the alkyl iodides and 
sodium naphthoxides has been given in previous papers (T., 1918 
113. 666. 821), and it has been shown that the reactions are 
bnuolecular, blit that the constant is dependent on the initial con- 
centration. In a series of solvents here described, the reaction has 
been found to be regular in all cases, and satisfactory values of the 
velocity-constant are obtainetl. 

Ill tcrf.-biityl and (ciV.-amyl alcohols, however, there is a <-radiial 
iiiorease ill the value of k for methyl ioilidc as the reaction pro- 
cfMis, so that it is necessary to measure only a small part of the 
loactioii to obtain a satisfactory constant. This is apparently due 
to the low solubility of the products of the reaction, which are 
lireoipitated after a short time, the velocity of reaction then 
nicreasing. 

Experimental. 

fh Influence of the Mveut cm the IViociVy of Inaction nt 50-5‘’. 

The method of preparation of sodium ^i-iiaplitho.vidc given in the 
Fcvious paper has been improved. Sodium is dissolved in recently 
w ed absolute alcohol, the calculated quantity of dry j3-uaphthol 
added, and the solution evaporated to dryness in a vacuum. The 
prcxiuct IS dissolved in the smallest possible quantity of boiling 
iieetone ; the flask is corked while the solution is still boilino-, and 
I'mnedutcly cooled; the salt then crystallises in minute llmelte 
ihH7^Na,C.^H,;0), and is filtered rapidly, washed with cold 
^^^-tone, then dried at 150° in a current of hydrogen. Sodium 
^-iiaphthoxide obtained in this way is quite white, 

m method of measuring the velocity was the same as before, 
pipettes being made to work with very small quantities of 
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ilie more expensive solvents. In each experiment the initial con 
eentration is N with respect, to naphthoxide and iodide, and the 
temperature is 50*5°. 

The values of k are in good agreement in each experiment, and 
in many cases duplicate determinations have been made. For 
economy of space, only a few typical experiments^ will be given in 
full, and the other results summarised. The unit of time is one 
minute and of concentration one gram-molecule per litre. 


Normal rrimfiTy AJcohol^. 

Methyl, ethyl, and « -propyl alcohols were in each case dehydrated 
over calcium oxide and calcium, and finally distilled from fredi 
calcium turnings. w-Butyl alcohol was fractionated several times 
from “ fermentation butyl alcohol, then dehydrated with 
potassium carbonate and, finally, quicklime, and again fractionated. 
It boiled at 116- 416-5°/7o6 mm. n-Amyl alcohol was from 
Kahlbaum. 


n-Fro'ptfl Alcohol. 

iV-Ethyl iodide ; A-Naphthoxide. 
0-500 r.c. titrations, A/25-HC1. 


t. a—x. k. 

0 11-70 — 

9 10-55 0-0129 

16 9-80 0-0127 

24 9-10 0-0127 

32 8-40 0-0131 

41 7-95 0-0123 

Mean 0-0127 

(Duplicate 00129). 


n-Butj/l Alcohol. 

A"-Methyl iodide; A" -Naphthoxide 
0-500 C.c. titrations, iV/25-HCl. 
t. a~x. h. 


10-65 

— 

9-40 

0-0520 

8-40 

0-0524 

7-60 

0-0523 

6-85 

0-0542 

6-35 

0*0530 

Mean 

... 00528. 


Table I. 


Summary of Results. 


Methyl 


Solvent. iodide. 

Methyl alcohol 0-0459 

Ethyl alcohol 0*0941 

n-Propyl alcohol .. — 0-0643 

n-Butyl alcohol 0-0528 

n-Amyl alcohol 0-0298 


Ethyl n-Propyl 

iodide. iodide. 

0-0130 0-00567 

00212 0-00859 

00127 0-00507 

0-0107 0-00379 

0-00518 0-00194 


On consideration of the above results for nomal alcohols, i 
apparent that, with the exception of methyl alcohol, 
subnormal, there is a gradual and fairly regular decrease m 
value of k with increasing molecular weight; this is well shown n 
plotting a curve, velocity-constant-molecular weight (see F|g- ^ 
This suggests that the influence is partly additive as well as ^ 
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constitutive property, as the addition of a CH^-group has a regular 
j-ctarding action, which somewhat diminishes as the series is 

ascended. 

There is a striking similarity in this curve to that of Burke and 
Donuan (T., 1904, 85 , 555), who, in their investigation of the 
reaction between silver nitrate and alkyl iodides, found a similar 
effect of the methyl group in the activity of the iodides, and this 
cToes to show that methyl alcohol is subnormal in its action as 
solvent; its normal position should be far above ethyl alcohol 
(compare the curves given for Menschutkiivs and Hecht and 
Conrad's data by Segaller, T., 1913, 103 , 1154). 

It may be remarked that in a large number of reactions recorded 
the velocity in ethyl is greater than in methyl alcohol, and the 
opinion is expressed by Senter (T., 1916. 109 , 686) that, in general, 
reactions should be faster in methyl alcohol, which he attributes 
U> the higher viscosity of ethyl alcohol. 

In a number of other reactions, however, methyl alcohol is the 
more favourable medium, and the above results suggest that this 
?ubnormal activity in certain reactions may be one of the fre- 
quently observed irregularities of the first member of a homologous 
Feries. Sodium ethoxide, phenoxide, and a- and ^-naphth oxides 
all react more rapidly in ethyl alcohol. 

Although the influence of these solvents is sirriilar in each case, 
there are minor differences; thus, it appears from the following 
tables of the relative values in the solvents that the three iodides 
are not affected equally; ethyl and //-propyl iodides are more 
affecterl than is methyl iodide. 

This is shown in table TT by expressing the velocities in terms 
of the velocity in r/.-amyI alcohol. 


Table II. 



Methyl 

Ethyl 

//-Propyl 

Solvent. 

iodide. 

iodide. 

iodide. 

Methyl alcohol 

1*64 

2-. 51 

2*92 

Ethyl alcohol 

3-16 

4*09 

4*43 

n-Propyl alcohol 

216 

2-45 

2-61 

n-Butyl alcohol 

1-77 

2*06 

1*95 

ft- Amyl alcoliol 

LOO 

1*00 

1*00 


The differences become more marked in some of the other solvents 
dealt with in this paper. 


iso-, sec.-, (wd iert.-AJcohoh. 

woPropy], ?/rr.-amyl (methylpropyloarbinol), and /r/V. -butyl 
alcohols were Kahlbaum's preparations dehydrated over (juicklime. 
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isoButyl alcohol was fractionated from the commercial prodm-f 
and boiled at 107 ‘5 — 109° ; «cc. -butyl alcohol was prepared hy 
Grignard reagent and boiled at 99-5 — 100 ’5°. woAmyl alcohol 
was purified from sec. -butylcarbinol by preparing potassium amyl 
sulphate and crystallising ; after dehydrating, it distilled at 
131—132°, and had [o]n less than O’ 5°. fcrt.-Amyl alcohol vas 
prepared by Adams, Kamm, and Marvel's method (J. 

ChenK Sue., 1918, 40 , 1950), and boiled at 102 — 103°. 

The results of the velocity experiments are all in satis factorv 
agreement, as illustrated below, with the exception that, in feri. 
butyl and ?(/7.-amyl alcohols, methyl iodide shows a gradual 
increase, due, apparently, to insolubility of the naphthyl luethvl 
ether ; these figures are given in the examples below : 


sec.-/^ro/>y^ AhohuK MethyJpropifharbinof, 

A-Propyl iodide ; A-Naphthuxide, A -Methyl iodide ; A-Naphth(i\i(jt> 

0-5()6 C.c. titrations, A/25'HCl. 0-112 C.c. titrations, A'/lOO HCl, 


t. 

a—x. 

fc. 

1. 

a~x. 

k. 

0 

1200 

— 

0 

10-50 


21 

10- 05 

0-00029 

2 

0-90 

a-032:i 

:h 

9-95 

0-00631 

,5 

9- 15 

0-0315 

51 

9-25 

0-00607 

8 

8-50 

o-o;{i4 

M 

8-70 

0-00617 

11 

7-65 

0-0361 

75 

8-30 

0-00619 

14 

7-20 

00349 


Mean k 

.. 0-00621 


Moan fc 

.. 0.0332 




A I coho! . 

tert. 

^A wiS Alcohol. 

A" -diethyl iodide : 

A-A'aplithoxide. 

A^ ■ Me thyl iodide ; A - A aphthoxide. 

0-11 

2 u.c. titrations, A /lOO-HCl. j 

1-00 C.c, 

. titrations, A/2 


t 

a — X. 

h 

t. 

a— a;. 

k. 

0 

10-40 

— 

0 

24-50 

„ 

3 

9-50 

0-0341 

20 

20-20 

o-oion 

7 

8-65 

0-0311 

27 

19-05 

0-0108 

9 

7-85 

0 0389 

34 

17-50 

0-0120 

12 

6-85 

10-0465] 

40 

16-70 

0-0119 

(» 

10-15 

oinitted. | 

Menu k 

0-0111. 

5 

9-20 

00325 ! 




8 

8-40 

0036.5 




10 

8-00 

0-0366 





Mean k 

. .. 0-0352 





The results obtained in these alcohols are summarised below, 
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Table III. 


Solvent. 

Methyl 

iodide. 

Ethyl 

iodide. 

Propyl 

iodide. 

i.v(jPropyl Alcohol 

0-0975 

0-0177 

0-00621 

i.wButyI „ 

. . . 0-0635 

0-0113 

0-00374 

a/o.- Butyl „ 

00571 

0-0107 

0-00370 

/(/•/.-Butyl „ 

0-0350 

0-00501 

0-00149 

/.^{oATnyl ,, 

. . . 0-0392 

0-00649 

0-00199 

-Amyl „ 

. . . 0-0332 

0 004()L 

0-00167 

//■/■/.-Amyl „ 

. .. O-OlU 

0-00155 

0-000525 


These results show the same dimimition of the velocity- cojistant 
a? the series is ascended in the same class of alcohol; thris, the 
velocity decreases regularly in the series isopropyl, «Vobutyl, 
;.<oamyl, similarly with the series of secondary and tertiary 
alcohols. 

This is clearly seen in Fig. 1, which shows the tvo-alcohols; the 
('fleet of increasing molecular weight is very similar in the four 
classes of alcohols. It is also apparent from the table of results 
or the figures that the 7>o-alcohols are in each case more favour- 
able media than their normal isomerides ; similarly, the secondary 
alcohols are more favourable solvents than the tertiary alcohol of 
the same molecular weight, but are slightly less active than the 
corresponding i-so^alcohoL For a given molecular weight, there- 
fore, the order of decreasing activity is: uo, secondary, normal,, 
tertiary. Thus, with methyl iodide the figures are : 


/'soButyl alcohol 0‘063.5 

.''VT. -Butyl alcohol 0 0571 

»-Butyl alcohol 0 0528 

WL- Butyl alcohol 0 0350 


/soAinyl alcohol 0-0302 

«cc.-Amyl alcohol 0 0332 

H-Amyl alcohol 0*0298 

Iprt. - Amyl alcohol 0-0 1 1 4 


(In the reaction with ethyl and ??-propyl iodides the figures are 
very near together in the amyl alcohols, and there appears to be 
a. small divergence from this order.) 

In connexion with these results, the following points may be 
noted. In all three classes of alcohols, the increasing number of 
rarboii atoms in a straight chain decreases the activity as solvent ; 
^ branching chain in the primary alcohols produces a distinct rise 
ni activity, so much so' that the constant approximates to that of 
tile next higher normal primary alcohol. The introduction of a 
methyl group into the carbinol group produces, first, a rise 
(secondary alcohols) and then a larger fall (tertiary alcohols). 

It may be remarked that these observations are in the opposite 
Older to the activity of the corresponding alkyl iodides as measured 
i'y Velocity of etherification with sodium pheuoxide (Segaller, h)c. 
it having been found that i^o- and itfc. -alkyl iodides are less 
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reactive than the normal iswnerides, and tertiary iodides much 
more reactive. 

Mbjl and Benzi/l Akohoh and Ethylene Glycol. 

These alcohols have been included specially to observe the elleel 
of imsaturation, a benzene ring, and a second hydroxyl group 
respectively. The reaction in these solvents is quite normal. 


Fig. 1. 



On account of the high viscosity of glycol, a special 
calibrated with no constriction at the outlet; it was 


pipette 
rinsed o'**' 
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each time witli water ; in this way, the quantity delivered is satis- 
factorily constant. 

Ally! alcohol was distilled from calcium oxide immediately before 
use (i>- P’ — 95^). Benzyl alcohol was the commercial product 
redistilled three times (b. p. 205 '50), and ethylene glycol was pre- 
pared in the usual way from ethylene dibromide; it boiled at 197°. 
Xhe experimental data are exemplified by the reaction with ethyl 
iodide in glycol : 


V'Ethyl iodide. 

JV -Naphthoxide. 

■129 C.c. 

titrations. 

V/lOO-HCl. 

i 

a — x. 

k. 

0 

12-40 



15 

10-25 

00145 

2:i 

9-45 

00141 

:io 

8-90 

0-0130 

40 

800 

0-0143 


Mean h .. 

0-0141 


In the case of methyl and ethyl iodides, the mixture is homo- 
geneous up to about one-half the reaction, after which time the 
ether begins to separate out. With propyl iodide, the reaction 
proceeds to about two- thirds before separation of the product-s. 


Table IV, 

Summa/ry of JtesvlU in these Sohents. 


Solvent. 

Methyl 

iodide. 

Ethyl 

iodide. 

Propyl 

iodide. 

Ally! alcohol 

. . . 0-0381 

0-00562 

0-00195 

Benzyl alcohol 

0-0357 

0-00781 

0-00242 

Ethylene glycol 

. . . 0-0578 

0-0141 

0-00431 


It is remarkable that the velocity -constants are of similar magni- 
tude in three such different solvents; the figures are quite com- 
parable with propyl and amyl alcohols, already discussed. 

Aliyl alcohol was specially selected because of its well-known 
similarity in physical properties to n -propyl alcohol, and the fact 
that the constats are distinctly different (about one-half) from 
those in the latter solvent is very suggestive that the solvent 
mfluence is largely chemical rather than physical; the boiling 
I'Oint, dielectric constant, and refractive index (which is important 
iroiu the point of view of the radiation hypothesis) are almost 
identical, yet the introduction of a double bond makes more differ- 
ence m the velocity than there is between and wo-propyl 
alcohols. This supports the idea that the solvent participates in a 
chemical reaction. 

A comparison of the figures for benzyl alcohol brings out the 
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fact that the velocity-rediicing effect of a number of carbon atoins 
when in the form of the }:)enzen6 ring is less than that of a similar 
number in a straight chain, for the value of k is somewhat higher 
than that of /i-amyl alcohol with four carbon atoms attached in 
a chain to the carbinol group. It may l>e remarked, too, that in 
much work in which benzyl alcohol has figured it is a more favour- 
able medinin than some of the aliphatic alcohols, notably Loamv! 
alcohol. 

Ethylene glycol illnsf rates the effect of a second hydroxyl group- 
on comparing it with ethyl alcohol, it is seen that the exchaiure 
of hydrogen for hydroxyl considerably reduces the activity of the 
solvent, and its effect is not much different from /j-propyl alcohol 
so that the introduction of a hydroxyl group is similar in result 
to the introduction of another CHo-group. 

There is, however, nothing to show the influence of solubility, 
which is so different in glycol and ethyl alcohol. 

Infueiue of TlVUcr on the- Velocity of Reaction. 

Water should take the first place in a list of alcohols, hut it is 
not possible to measure the velocity of these reactions in it, because 
the alkyl iodides are not sufficiently soluble, but the effect of water 
on the velocity has been found to be very considerable in many 
reactions. For this reason, the effect of water on the velocity of 
the reaction with ethyl iodide in ethyl alcohol has been investigated, 
with the following results : 


Table V, 
Ethyl Alcohol. 


Perfentaga by weight. 

fc. 

100 

0-0212 

90 

0-0227 

80 

0-0255 

70 

0-0241 

00 

0-0206 


Ill 50 per cent, alcohol, the naphthyl ethyl ether separates early 
in the reaction, and the velocity at once increases; below 50 per 
cent., the alkyl iodide is not soluble to i\^-concentration. It is 
seen from these results that the addition of water at first accelerate? 
the reaction, a maximum being reached in the vicinity of 80 per 
cent, alcohol ; thereupon the further addition of water retards tbe 
velocity. 

It may be remarked that Miss Burke and Donnau .made a similar 
observation with silver nitrate {Zeiti^cE, 'phyukfii. Che'm., 
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59 163). explanation has been suggested, but it is possible 
that side reactions take place in the case of aqneouS' alcoholic 
sodium naphthoxide, as this substance undergoes hydrolysis in 
water aud probably alcoholysis in ethyl alcohol. 


Tlif Solvent on the Rehitlre Activitf/ of the Alk^l 

fo({uIe^f (in4 (Jomp(iri^on of S<nliui/i Kthnruh-, Phrnoride, and 
Siiphthniide.. 

The previous pages show that there is no inversion of the order 
of activity of the three alkyl iodides hy influence of the solvent, 
but it is noticeable that the order of the activity of the solvents 
is not quite the saane. Table VI shows the relative activity in 
the above solvents in terms of the slowest (namely, ^cr/.-amyl 
alcohol), and columns 4, 5, and 6 show the relative activity of the 
three iodides in each solvent in terms of propyl iodide in that 
<^oIvent. For example, it is seen that methyl iodide is from eight 
0 twenty-four times as reactive as propyl iodide, according to the 
olveiit, and the influence of the solvent is greater on propyl iodide 
han on methyl iodide. 


Tablk VI. 


Solvent. 

Methyl 

iodide. 

Kthyl 

iodide. 

Propyl 

iodide. 

Methyl 

iodide. 

Ethyl 

iodide. 

Propyl 

iodide. 

Mpropyl alcohol 

.... 8*55 

11-41 

IP84 

15-70 

2-85 

POO 

':fhvl 


.... 8-25 

13-89 

16-38 

10-95 

2-47 

POO 

i-Propyl 


.... 5-64 

8-20 

966 

12-68 

2-50 

I'OO 

/(oButyl 


.... 5-57 

7-30 

7-13 

16-90 

3-02 

POO 

ilycol 


.... 5'07 

910 

8-21 

13-41 

3-27 

POO 

ifC.- Butyl 


.... 501 

6-90 

7-05 

15-45 

2-90 

POO 

i-ButYl' 


.... 4-6.'{ 

6-90 

7-22 

1393 

2-82 

1-00 

ilethvi 


.... 4'02 

8-39 

10-80 

8-13 

2-29 

POO 

iv.imvl 


.... 3-44 

4-18 

3-79 

19-70 

3-26 

1-00 

lllyl ' 


.... 3-34 

3-63 

3-72 

19-54 

2-88 

POO 

benzyl 


.... 3<13 

504 

4-61 

14-75 

3-23 

POO 



.... 3'07 

3-23 

2-84 

23-49 

3-30 

POO 

'tf.-Amyl 


.... 2'9J 

2-98 

3-18 

19-88 

2-7G 

POO 

■i-Amyj 


2-62 

3-34 

3-70 

15-37 

2-67 

POO 

Vrf.-Amyl 


.... POO 

POO 

POO 

21-71 

2-95 

POO 


Ill ethyl alcohol as solvent, it is possible to compare the activity 
jf sodium ethoxide, pben oxide, and naphthoxide, as these have all 
heel] measured with the alkyl iodides (Hecht Conrad and 
Briickner, and Segaller); the figures for ethoxide and phenoxide 
ne caladated from the data of these authors. At 42‘5®, the 
relative activity of jS-naphthoxide as compared with phenoxide is : 


Methyl iodide 1‘4 

Ethyl 14 

Propyl „ 1'5 
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whicli shows that the relative activity of these bases is constant aini 
independent of the iodide with which it is measured. The follow 
iug figures show that when ethoxide is compared with phenoxide 
and naphth oxide, the activity is not independent of the iodide. 

Ethoxide Ethoxide 
(i “ 40 0*'). 0-iSfaphthoxide ' Phenoxide' 


Methyl iodide 

5-3 

7*4 

Ethyl „ 

1-9 

2-7 

Propyl „ 

1-5 

2-2 


The Effect of InititU Cvnceniration in Varimts Solvents. 

In the previous papers already referred to, it has been shown 
that the velocity of reaction of the alkyl iodides with sodium 
naphthoxide is dependent on the initial concentration of the bas? 
In ethyl alcohol, the velocity has been shown to be decreased in 
accordance with Hecht and Conrad’s equation, + a log 

The work ol Acree and his co- workers (see Shroder and Acree 
T., 1914^ 105 , 2582) shows that sodium ethoxide and phenoxide 
are very much ionised in alcoholic solution, and that both the imii; 
and the moleoulea take part in the reaction with alkyl iodides, and 
that with different velocities. 

It is reasonable to suppose that a similar phenomenon takes 
place with naphthoxide (boiling-point detenninations by the author 
show evidence of dissociation), which makes it probable that this 
increase is due to the increasing ionisation, and, consequently, 
increasing proportion of the reaction due to ions instead of mole- 
cules. It has also been shown that at higher dilutions the velocity- 
constant increases abnormally rapidly with methyl iodide in ethyl 
alcohol. 

A similar increase — first regular, then abnormal— is now observed 
in methyl alcohol, and it is convenient to discuss these two solvents 
separately, because in them the question of alcoholysis arises, and 

Table VII. 

iVefht/l lodicle and Sodium ^-Naphihoxidt in Equivahni 
Concentration, t — 40*0'^, 


r. 

fc, (found). 

k, (calculated). 

1 

0-0164 

0-0164 

0 

— 

0-0171 

4 

0-0179 

00179 

$ 

00183 

0-0186 

16 

0-0242 

0-0194 

33 

0-0313 

0-0201 

64 

0-0369 

“ a” = 0-0025. 

0-0209 
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©xperimeats have been made with, a view to gain information on 
this point. The results obtained for the three iodides and sodium 
^.naphthoxide in methyl alcohol are shown in tables VII and VIII 
and illustrated in Fig. 2. It will be seen that the same phenomena 
appear in both these solvents; the figures in ethyl alcohol have 
already been given (T., 1918, 113, 666). 


Fig. 2. 



Sodium $-naphthoxide and the alkyl iodides in methyl and ethyl alcohols. 


Table VIII. 



Ethyl Iodide. 

1 Propyl Iodide. 

V. 

K (found). 

(calc.). 

I K (found). 

(calc.), 

1 

0-00460 

0-00460 1 

1 0-00202 

0-00202 

4 

0-00293 

0-00496 I 

0-00233 

0-00238 

l(i 

0-00539 

0-00532 1 

0-00277 

0-00274 

32 

0-00551 

0-00550 1 

0-00299 

0-00292 


a ” — 

0-00060 i 

“ a ” = 0-00060. 


VOL. CXVII. U 
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The figures are very similar to those obtained for sodium 
a-naphthoxide^ the latter, however, is slightly more reactive- 
thus, at iV- concentration in methyl alcohol, h„jkfi h: 


Methyl iodide LOO 

Ethyl iodide M6 

Propyl iodide 1*17 


The work of Acree and others in connexion with sodium ethoxide 
and phenoxide shows that the velocity increases with decreasing 
concentration, because the reaction is between ions and molecules 
of the base and the nondonised alkyl iodide j the velocity of the 
ionic reaction is greater than that of the molecular reaction so 
that as the ionisation increases with dilution, so does the velocity 
increase. Shroder and Acree show, in the paper already quoted, 
that the increase of ionisation is according to the empirical equation 
of Hecht and Conrad. 

In considering the cause of the abnormal increase in activity 
of methyl iodide at higher dilutions in both methyl and ethyl 
alcohols, it is to be expected that if it were due to a property of 
the naphthoxide, it would appear also with the other alkyl iodides, 
Some evidence has been obtained which suggests that sodium 
J3' naphthoxide undergoes alcoholysis in dilute solution, and this 
hypothesis affords an explanation of the phenomena observed, but, 
owing to the experimental difficulty of detecting traces of ethyl 
ether in a complex alcoholic mixture, conclusive evidence has not 
been obtained. 

The formation of ether is possible in two ways: (1) by alcoholysis, 
in which case the reactions are: CjoH;,'ONa + EtOH 

OmH,-OH-i-EtONa.; {h) EtONa + EtI Et^O p Nal ; (2) by 
alkylidene dissociation (alkylene dissociation is impossible with 
methyl iodide). 

The latter possibility (Nef, Arpnalen, 1899, 309 , 126) has been 
critically examined by Miss Burke and Donnan (T., 1904, 85. 
555), and shown to be unsatisfactory; also, if it occurred with 
naphthoxide, it would be expected with phenoxide, ethoxide, and 
other bases. 

The velocity of reaction between sodium ethoxide and the alkyl 
iodides is greater than that of sodium naphthoxide, so that if 
alcoholysis takes place, a higher value of k will be obtained at the 
commencement of a reaction than at the end, when the increasing 
concentration of free naphthol retards further alcoholysis, b' 
this case, the effects would be expected in the case of each of the 
three alkyl iodides, hut examination of the velocity-constants show^ 
that a small amount of alcoholysis would not be detected in t-kis 
way The following table shows the velocity- const auts of inethylj 
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ethyl, and propyl iodides with sodium ethoxid© at 40‘0® (solvent, 
ethyl alcohol), calculated from the data of Hecht, Conrad, and 
Bnickner {Zeitsch. physikal. Chem., 1890, 6, 289). 

Tasle IX. 


Methyl iodide. Ethyl iodide. Propyl iodide. 




Naphth- 


Naphth- 

' 

Naphth- 


Ethoxide. 

oxdde. 

Ethoxide. 

oxide. 

Ethoxide, 

oxide. 

1 

0-188 

0-0356 

0-0148 

0-00790 

0-00483 

0-00316 

2 

0-214 

0-0406 

0-0175 

0-00991 

0-00597 



5 

0-248 

0-0473 

0-0211 

0-0116 

0-00747 

0-00536 

10 

0-273 

0-0559 

0-0238 

0-0140 

0-00841 

0-00653 

20 

0-299 

0-0721 

0-0265 

0-0157 

0-00971 

0-00739 

40 

0-323 

— 

0-0292 

0-0170 

0-01089 

0-00852 


The constants for methyl iodide and ethoxide are five times 
greater than those of sodium jS-naphth oxide and the same iodide, 
but those with ethyl and propyl iodides with ethoxide are only 1-7 
and 1*5 times the corresponding figures with naphthoxide. As 
the values are so nearly the same with the latter iodides, it is clear 
that a very small amount of ethoxide produced by alcoholysis 
would produce so small a change in the value of k that its effect 
would not be observed. 

The following experiments show the effect of sodium ethoxide on 
the reaction; the amount added is larger than that likely to be 
produced by alcoholysis. 

Experiment 1. — Solvent, ethyl alcohol, i — 40*0°, A/ 8-methyl 
iodide, iV/lO-sodium naphthoxide, A/40-sDdium ethoxide. 

Experiment 2. — Solvent, ethyl alcohol, ^ ::=40'0°, N /8-ethyl 
iodide, iV/lO-sodium naphthoxide, NI4:0-sodmm ethoxide (these 
are equivalent to A/S-ethoxide and A/lO-jS-naphthol). Acid = 
A725-HCI, 5*0 c.c. titrations. 



a—x. 

jfc. 


t. 

a— ar. 

h. 

k\ 

0 

15-25 

— 



0 

15-55 





10 

13-75 

0-0894 

0-0894 

62 

13-75 

0-0170 

0-0170 

25 

12-10 

0*0854 

0-0826 

120 

12-50 

0-0164 

0-0157 

42 

11-00 

0-0792 

0-0689 

180 

11-40 

0-0163 

0-0161 

62 

9-85 

0-0725 

0-0604 1 

284 

9-95 

0-0159 

0-0154 

102 

8-50 

0-0638 

0-0503 

363 

9-05 

0-0159 

0-0158 

150 

7-30 

0-0595 

0-0503 

440 

8-35 

0-0158 

0-0151 


Mean 0-0162 


Experiment 3. — Solvent, methyl alcohol, ^ = 40 0®, A/ 8-methyl 
iodide, iV/lO-sodium naphthoxide, A /40-sodium methoxide. 
Acid=A/30-HCl, 5*0 c.o. titrations. 

D 2 
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L 

a — r , 

fc. 

k '. 

0 

18-55 

— 

— 

17 

17-40 

0-0286 

0-0286 

33 

16-60 

0-0288 

0-0288 

54 

15-65 

0-0276 

0-0261 

85 

14-50 

0-0266 

0-0246 

115 

13-65 

0-0262 

0-0214 

145 

12-90 

00245 

0-0212 


In these experiments, the figures in the fourth column 
obtained by calculation from each pair of titrations; this shows 
the course of the reaction and the decrease in h more clearly than 
the figures in the third column, which are referred to ip in the 
usual way. Experiments 1 and 3 show a similar cx>urse in both 
methyl and ethyl alcohols. At the commencement of the reaction 
h is much increased (nearly doubled in ethyl alcohol), and rapidly 
diminishes as the free ethoxide is used up ; then it falls to a value 
approximating that of A/lO-naphthoxide. In Experiment 2, the 
course of the reaction with ethyl iodide is seen ; here the presence 
of ethoxide has no apprecable effect on the velocity-constant after 
the first titration, and even in that the effect is not large. These 
experiments show that alcoholysis increases the mean velocity- 
constant with all the iodides, but that a small amount of alcoholysis 
does not show a marked diminution in ^ as a reaction proceeds, 
and is so small that with the higher alkyl iodide its effect would 
be unnoticeable. It is therefore suggested that in dilute alcoholic 
solution, sodiTim naphthoxide undergoes alcoholysis to a small 
extent', and this occasions the observed increase with methyl iodide 
at high dilutions. 

Further experiments were made with the object of detecting 
ethyl ether in the products of the reaction ; in the author’s opinion 
ether was present, but owing to the experimental difficulty it has 
not been definitely proved. 

The influence of initial concentration has also been measured in 
isobutyl and benzyl alcohols. In these solvents, the effect is verr 
large; in the case of ethyl and propyl iodides, the velocity is nearly 
doubled by changing the initial concentration from A to iV/8, yet) 
as will be seen from the examples already given, there is do 
important rise in the velocity-constant during any one expen- 
ment, although in many cases more than half the reaction was 
measured. It may be suggested that the negative catalytic effect 
of the product of the reaction may just balance the increaaiD? 
velocity due to the decreasing concentration of the reacting 
substances, 

i^oButyl and benzyl alcohols are much more associated snb 
stances than methyl and ethyl alcohols, and it may be that tie 
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reacting ions or molecules are associated with the solvent molecules. 
The experimental results are as follows. 


Table X. 


Methyl iodide. Ethyl iodide. Propyl iodide. 


t!. 

450 Butyl. 

Benzyl. 

woButyl. 

Benzyl. 

iiSo Butyl. 

Benzyl. 

1 

0-0232 

00125 

0-00399 

0-00273 

0-00135 

0-000884 

4 

0-0263 

00212 

0-00615 

0-00393 

0-00245 

0-00216 

8 

0-0291 

00267 

0-00756 

0-00647 

0 00284 

0-00329 

In the light of Acree's 

work, the fact that i 

i; changes 

with dilu- 


tion is strong evidence that the reaction in these solvents also is 
one between ions and molecules jointly. 


Summary . 

Ill the hope of tracing some relation between the constitution 
of a solvent and its effect on the velocity of a particular reaction, 
tlie velocity of reaction between sodium /3-naphthoxide and methyl, 
ethyl, and ?fc-propyl iodides has been measured at 50' 5° in N-con~ 
centration in methyl, ethyl, n- and ?'so-propyl, tv-, iso-, sec.-, and 
feri. -butyl, n-, iso-, sec.-, and tert.-3imy\, allyl, and benzyl alcohols, 
and ethylene glycol. 

It has been found that some relation does exist for these reactions 
and solvents. The velocity in the n-, iso-, sec.-, and ;?erL -series 
steadily decreases with increasing molecular weight, with the ex- 
ception of the anomalous behaviour of methyl alcohol, which is a 
less favourable solvent than ethyl alcohol. For alcohols of a given 
molecular weight, the order of decreasing activity is iso-, sec.-, n-, 
tert.-, and is independent of the alkyl iodide. 

Allyl alcohol does not compare closely with n- propyl alcohol, 
with which it is physically similar; the effect of the unsaturated 
^roup is to decrease the velocity. Benzyl alcohol is a more favour- 
able medium than a straight- chain alcohol of the same molecular 
weight, and the velocity in ethylene glycol is lower than that in 
ethyl alcohol, showing that the displacement of a hydrogen atom 
hy a hydroxyl group reduces the velocity. The addition of water 
to ethyl alcohol at first increases the velocity to a maximum at 
about 80 per cent, of alcohol, and then retari the reaction. 

It is suggested that these facts support the idea that a solvent 
participates in the reaotien, and its physical properties have only 
a subordinate influence. 

The order of the activity of the alkyl iodides is only approxim- 



510 STEPHEN, SHORT, AND GLADDING THE INTRODUCTION OF 

ately independent of the solvent, and the relative activities of the 
iodides are dependent on the solvent. 

The ratio of the activity of sodium phenoxide and naphthoxide 
ia independent of the alkyl iodide, but the ratio of naphthoxide to 
ethoxide is not so independent 

The influence of initial concentration has also been studied in 
four solvents. In each case there is an increase in velocity with 
decreasing initial concentration. In the cases of methyl and ethyl 
alcohols, evidence is adduced which suggests that in these solvents 
sodium jS-naphthoxide undergoes alcoholysis as well as ionisation, 

The author is indebted to Mr. Gr. Rudd Thompson for facilities 
for this work, to Dr. J. C. Crocker for his continued interest, and 
to the Research Fund Committee of the Chemical Society for a 
grant which has defrayed most of the expense. 

69 Dock Street, 

Newport, Mon, [Received^ March 9fh, 1920.] 


LIV . — The Introduction of the Chloromethyl Group 
into the Aromatic Nucleus, 

By Henky Stephen, Wallace Frank Short, and 
Geoffrey Gladiiing. 

Up to the present time, it does not appear that any systematic 
attempt has been made to prepare benzyl chloride and beiuyl 
bromide and their derivatives by direct introduction of chloro- 
methyl and bromom ethyl groups, respectively, into the aromatic 
nucleus, 

GrassbCristaldi and Maselli {Gazzetta, 1898, 28 , ii, 477) were 
the first to show that the product (which they called chloromettyl 
alcohol) obtained by the action of hydrogen chloride on paraform- 
aldehyde reacted with benzene in presence of aluminium chloride 
to yield benzyl chloride and diphenylmethane. Under such con- 
ditions, however, traces only of benzyl chloride could have been 
formed, since it would react very readily with unchanged benzen? 
in presence of aluminium chloride to form diphenylmethane. 

In this paper is described the preparation of benzyl chloride 
and compounds related to it by the direct introduction of the 
chloromethyl group into an aromatic compound. The method 
consists of treating an aromatic compound in presence of * 
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fleliydratiug agent, with the product obtained by tbe action of 
livdrogen chloride on paraformaldehyde or aqueous solutions of 
formaldehyde, which has been shown to consist of .s'-dichloromethyl 
ether (Tischtschenko, J. E\m. P/j//.?. Ghem. Soc.y 1887, 19 , 464; 
Losekann, Chem. Zeit., 1890, 14 , 1408; Litterscheid, Annahriy 
1901, 316 , 157; Litterscheid and Thimme, Annalen, 1904, 3 34 , 
1). If methyl alcohol is present in the commercial formaldehyde 
employed, a small amount of monochloromethyl other will also be 
present (Henry, Per., 1893, 26 , 933). 

Both these compounds yield chloromethyl derivatives when 
treated with aromatic compounds in the presence of a dehydrating 
af^ent, bub there is an essential difference between the two oases, 
for whilst 5 -dichloromethyl ether reacts very readily with benzene 
ill the presence of anhydrous zinc chloride to give benzyl chloride, 
monochloromethyl ether under similar conditions reacts slowly. If 
line chloride monobydrate is substituted for anhydrous zinc chloride 
in the latter case, the reaction takes place readily. A possible 
explanation of these facts is indicated by the following srheme: 

(i) H- 2CeHc-2C,HpOHXl -f H.,0. 

(h) CH.,-0*CHoCl + H,0 - + CH.CbOH, 

(iii) 2CH,Cl-0H-(CHoCiy>0 + n,0. 

The formation of benzyl chloride is explained by (i), and tbe 
water produced in the reaction would thus be available to bring 
about the hydrolysis of monochloromethyl ether according to (ii). 
two molecules of the chloromethyl alcohol thus foiuned then uniting 
with elimination of water to produce s-dichloromethyl ether. The 
reactions indicated by (ii) and (iii) explain why the monohydrate 
of zinc chloride brought about a quicker reaction between benzene 
and monochloromethyl ether. Furthermore, it has been observed 
that when monochloromethyl ether (b. p. 59—61°) was treated 
with the monohydrate of zinc chloride at about 27° and the mixture 
vigorously agitated, the product was .?-dichloromethyl ether (b. p. 
10.5 — 106°). The temperature of 27° is that at which the mono- 
hydrate deposits anhydrous zinc chloride. 

The formation of a chloromethyl aromatic compound is usually 
accompanied by the production of a diphenylmethano derivative, 
which is formed by the condensation of the chloromethyl compound 
with the original aromatic compound. The latter reaction depends 
on the kind of dehydrating agent employed, since those reactions 
m which zinc chloride was used only furnished small amounts of 
the diphenylmethane derivatives, whereas the use of sulphuric acid 
under similar conditions invariably caused the formation of larger 
o.uantitics of those substances, In both instances, however, the 
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temperature is an important factor, because, as a rule, diphenyl- 
methane derivatives are formed to some extent by heating a mix- 
ture of a chlorom ethyl compound with another aromatic compound • 
the conditions for this reaction are more favourable when sub- 
stances such as sulphuric acid, metallic oxides, or even traces of 
metals like iron, zinc, and mercury are present. Diphenylmethane 
was formed, for example, by treating benzyl chloride with benzene 
and concentrated sulphuric acid, and in absence of benzene a sub- 
stance of complex nature was formed by the reaction of henzyl 
chloride with itself. Hydrogen chloride was copiously evolved in 
both reactions. The above statements hold true for other chloro- 
methyl compounds, and as a result of preliminary investigations 
it was considered advisable to perform the reactions at tempera- 
tures not exceeding 35® in most cases, as otherwise the yield of 
chlorom ethyl derivative is diminished and the amount of diphenyl- 
methane derivative increased. 

Tor convenience, the various cases investigated which have led 
to the formation of chloromethyl or bromomethyl derivative have 
been tabulated, as follows: 


Compound 

investigated. Compounds prepared. 

Benzene Benzyl chloride, wee' -dichloro-p- xylene, benzyl 

bromide. 

Toluene w- Chi oro-p -xylene, w-bromo-j? -xylene. 

Xylene (comraoi^cial) . . . « { 1 )-ChloTo-*i|/-eumen6. 

Benzyl chloride ww'-Dichloro-jj-xylene. 

Benzyl bromide ww'-Dibromo-p-xylene. 

Chlorobenzene p-Chloro benzyl chloride, jj-chlorobenzyl bromide. 

Bromobenzene p-Bromobenzyl chloride, j>-bromo benzyl bromide, 

o-Chlorotoluene 2-w (4)-DichlorO'jo-xylene. 

Nitrobenzene w-Nitrobenzyl chloride. 

O'Nitrotoluene w (4)-Chloro-2-nitro-p-xylene. 

p-Nitro toluene w (2)-Chloro-4-iiitro-o-xyl©ne. 


In addition to the above, other substances have also been inveeti^ 
gated, but the results obtained were either unsuccessful or no 
reaction was observed. Diphenyl, for example, gave ww^-dichloro- 
2^ditolyl, but this we were unable to obtain in a pure condition, 
the evidence for its formation depending on the fact that the cnide 
product gave diphenyl4 : 4^-dicarboxylic acid on oxidation. 
Naphthalene, when mixed with dichlorom ethyl ether and allowed 
to remain at the ordinary temperature for two days, gives a pro- 
duct which resembles that described by Wheeler and Jackson {J- 
Amcr. Chew,, 5oc., 1902, 24, 752) from formaldehyde and 
naphthalene, It possesses remarkable stability towards reagents 
such as potassium permanganate and chromic add, and is only 
slightly attacked by fusion with a mixture of potassium hydroxide 
and potassium chlorate. Anthracene and anthraquinone were 
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recovered unchanged from the reaction mixtures, as was also the 
with jrt'dinitrobenzeue and s- trinitrotoluene respectively. 

phenol gave the well-known “bakelite"’ product, whereas from 
auisole good yields of pp'-dim ethoxy diphenylmethane were 
obtained. The latter substance is also readily obtained by warm- 
ing anisyl chloride (prepared by treating anisyl alcohol with phos- 
phorus pentachloride in dry ether) with anisole. 

In the cases of bases such as aniline, o-, m-, and ^toluidines, the 
socalled anhydro-bases were obtained. Dimethyl and diethyl 
aniline readily yield tetramethyl- and tetraethyl-diaminodiphenyl- 
methane respectively. No reaction was observed with o- and 
p-chloronitrobenzene, ^^dichlorobenzene, or jtT-chlorotoluen©. 

The introduction of a chloro- or bromo-methyl group into mono- 
substituted benzenoid compounds, such as toluene or chlorobenzene, 
appears to take place exclusively in the para-position. No evidence 
was found of the presence of the corresponding ortho-derivatives in 
the products. Benzyl chloride similarly gave only oxu'-dichloro-p- 
xylene. 

The presence of a nitro-group directs a chloromethyl group into 
the meta -position. 


Experimental. 

The Action of Hydrogen Chloride on Formol^ehyde^ 
Faraformaldehyde, and Hexamethylenetetraimne. 

Formaldehyde.~H!\ie> apparatus consisted of a tower packed with 
glass beads, and the lower end was inserted in one neck of a 
Woulfe’s bottle, which was provided with an outlet tap at the 
bottom. At the top of the tower, a suitable condensing arrange- 
ment was attached. Formaldehyde solution (40 per cent.) was 
allowed to percolate slowly down the tower, and at the same time 
a rapid stream of hydrogen chloride was passed upwards through 
the other inlet of the Woulfe's bottle. The reaction soon became 
evident from the fact that the tower was warm after the first two 
or three minutes. As the liquid collected in the receiver, the 
formation of oil was observed almost at once, and as the quantity 
of liquid increased, the oil was seen floating on the acid layer. 
The oil sinks only after saturation with hydrogen chloride, and 
the above method therefore has the advantage of yielding oil con- 
taining less hydrogen chloride than is the case in Losekann’s 
method. 

It is important to note that when hydrogen chloride was passed 
into formaldehyde solution (40 per cent.), and the latter cooled 

U* 
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during the experiment by immersion in cold water, paraform. 
aldehyde separated from the solution. It is difficult to convert 
paxaformaldehyde into oil by this method when formed in such 
circumstances. 

For satisfactory yields of oil, it is essential, therefore, that 
the heat produced during the reaction between formaldehyde 
solution and hydrogen chloride should be allowed to develop ; the 
temperature seldom exceeded 60°, and in the tower experiment 
described above there was no appreciable loss of formaldehyde 
due to rise in temperature. 

Paraformaldehyde. — Thirty grams (1 mol.) of paraformaldehyde 
were suspended in 40 grams of concentrated sulphuric acid (D 1-73), 
the mixture was cooled to 0°, and 175 grams (r5 mols.) of ehlora 
sulphonic acid were slowly added. The reaction is easily controlled 
by carefully adjusting the flow of chlorosulphonic acid, and the 
temperature should not be allowed to rise above 10°^, otherwise the 
reaction becomes very violent and much paraformaldehyde ia lost 
as vapour. The yield of s^dichloromethyl ether is 95 per cent, oj 
the theoretical (compare J. Soc. Chenv. Ind., 1919, 38 , 468r). 

Ifexamethyleneteiram.ine . — Twenty grams of hexamethylene- 
tetramine were dissolved in 150 c.c. of concentrated hydrochloric 
acid, the solution was cooled in ice, and a rapid stream of hydrogen 
chloride was introduced. After ten minutes, a layer of oil was 
formed on the surface of the liquid, with simultaneous deposition 
of ammonium chloride. The oil was separated and purified, when 
it distilled at 105°, and only a small residue was left The yield 
of 5 -dichloromethyl ether was about 50 per cent, of the theoretical. 

In the experiments to be described later, the oil produced from 
40 per cent, formaldehyde solution was employed, as being more 
economical and readily procurable. Tbe presence of monochloro- 
methyl ether does not afltect the formation of chloromethyl deriv- 
atives when the oil is condensed with aromatic compounds, since it 
was found possible to prepare such derivatives from aromatic com- 
pounds and monochloromethyl ether. In the subsequent section 
dealing with the preparation of chloromethyl derivatives, the pro- 
duct from the action of hydrogen chloride on formaldehyde will be 
referred to as "crude oil." A rapid method for the preparation 
of small quantities of the " crude oil ’’ consists in gradually adding 
sodium chloride to a suspension of paraformaldehyde in concen- 
trated sulphuric acid, when the oil separates as an upper layer. 

Proftriit^ of the Crude Oil. — On shaking the crude oil witb 
sodium silicate, borax, or potassium carbonate, any excess of he® 
hydrogen chloride is removed, the oil being slightly decomposed' 
with the formation of paraformaldehyde; more decomposition 
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results if anhydrous sodium sulphate is used as’ a dehydrating 
g^ent. 

The dry oil, from which excess of hydrogen chloride has been 
removed, is only slowly attacked by solid sodium or potassium 
Hydroxides; the crude oil before drying is almost completely 
destroyed by such treatment. 

Both the crude and treated oils are stable towards concentrated 
sulphuric acid, on which they float. Phosphoric oxide attacks the 
crude oil very vigorously, with the formation of paraformaldehyde; 
the oil treated as above is attacked only very slowly by this reagent. 

The oil is volatile in a current of steam, about a half of it being 
destroyed in the process. This fact is of importance in connexion 
with the isolation of chloromethyl derivatives. These are obtained 
from the reaction mixtures by distillation in steam, and, in con- 
sequence, any unchanged oil is found mixed with such derivatives, 
and on purification of them by distillation, decomposition results. 
Unchanged oil may be easily removed by adding a little dilute 
potassium permanganate to the steam distillate until the colour of 
the solution is just pink ; the oil is readily oxidised, and the odour 
of formaldehyde, usually present, disappears. 


The Action of Hydrogen Bromide on Formcddehyde. 

Thirty grams (1 mol.) of paraformaldehyde were suspended in 
SO grams of sulphuric acid (D 1'84), the mixture was cooled in 
ice, and 155 grams (1‘5 niols.) of finely powdered sodium bromide 
were slowly added with constant agitation. Only a small amount 
of bromine was evolved. The mixture was then wanned on the 
steam-bath for ten minutes, when the paraformaldehyde rapidly 
dissolved, and an oily layer of s-dibromomethyl ether appeared 
on the surface of the acid. On distillation of the crude product, 
about 80 grams of pure s-dibromomethyl ether were obtained (b, p. 
154 — 155°). The properties of the oil are similar to those described 
for the corresponding chloro-compound. 


The Preparation of Aromatic Chlorcnnethyl Derivatives, Benzyl 
Chloride. 

As the preparation of benzyl chloride is a typical example of the 
general mode of procedure, the following remarks are of general 
jinterest. 

t The yield of benzyl chloride is increased if the reaction is carried 
ut at temperatures not exceeding 30°, the best results being 
btained at the ordinary temperature. In most cases, it is neces- 

2 
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Bary to cool the reaction vessel with a rapid stream of cold water 
to avoid rise in temperature, the reaction mixture being well shaken 
by mechanical means or stirred by means of a rapid rotating Witfs 

stirrer. i -u j 

In calculating the quantities of benzene and anhyd^rous zinc 

chloride to be used, so much of the latter was taken that if tKe 
reaction proceeded to completion, 2 molecules of water would he 
eliminated, forming zino chloride dihydrate according to the 
equation 

ZnCl^ + dCnHo + 2(CII.2C1)20 = dCoH.-CnjCl + ZnCl2,2HjO, 

It was found advantageous to use an excess of benzene in the 
condensation, otherwise unchanged s-dichloromcthyl ether appeared 
in the distillate. A mixture of 108 grams of benzene and 68 grams 
of powdered anhydrous zinc chloride was shaken mechanically and 
79-5 grams of the crude oil added gradually, the temperature hemj 
kept below 25°. An immediate red coloration was observed which 
became darker on further addition of the oil. When all the oil 
had been added, the shaking was continued for about an hour to 
complete the reaction. Ice-water was then added to the pr^uct, 
when the red colour disappeared, and the mixture was distilled m 

a current of steam. • j a. 

Tlncbancred benzene distilled over rapidly, accompanied by the 
odour of formaldehyde, and at this stage the receiver was changea, 
as it was observed that the oil carried over in the distillate was 
heavier than water and possessed the characteristic odo.nr of hemyl 
chloride as well as that of formaldehyde. When nearly the who. 
of the henzyl chloride had been removed, a white, ° 7 stallme m ^ 
was observed to solidify in the condenser. The « 

then stopped, a pale brown oil remaining in the flask. This a f 
residue partly solidified on cooling, and was preserved along^ 
the white, crystalline mass mentioned above, for furthe 

“Tht^a^mis suspension of the oil was 

potassium permanganate until the odour of ^ ^ jn 
appeared, Uie oil separated from water a ter settling, dr ed 
anhydrous sodium sulphate, and distilled, H grams 
chloride (b. p. 174°) being obtained. 

Better yields were obtained using the entire crude • 

is, both the oil and the concentrated hydrochloric acid laje - 
together with benzene, and sufficient anhydrous 
covert the water present, and that produced during the react 
into tbe dihydrate, 

The materials were added in the same order as in tne 
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experiment, the temperature being kept below 10® and the mixture 
well shaken throughout. 

Using 100 c.c. of formaldehyde (40 per cent.), 104 grams of 
benzene, and 140 grains of anhydrous zinc chloride, 57 grams of 
benzyl chloride were obtained. A brown- coloured residue also 
remained as before in the flask after distillation with steam. 

In order to avoid the vigorous agitation required to emulsify 
the reaction mixture, on which the success of the operation largely 
lepends, attempts were made to attain the same object by the use 
jf finely divided kieselguhr, The results obtained were as follows, 
in each case 60 grams of crude oil being mixed with 100 grams of 
benzene and 68 grams of anhydrous zinc chloride. 

Yield of benzyl 


Experiment. chloride. Time. 

(L) Kieselguhr ground with ZuClj 36 grams 1 hour. 

(II.) Kieselguhr suspended in ZnCbiH^O 28 ,, ^ „ 

(ill } Finely powdered ZnCb 36 ,, hours 

(IV.) ZnC]z,H*0 28 „ U » 


By comparison of the above experiments, it will be seen that 
attitatian may be avoided by the use of kieselguhr, which also assists 
in diminishing the time required for the experiment without affect- 
ino' the yield, and the possibility of formation of by-producta was 
also eliminated. The yield of benzyl chloride is better when 
anhydrous zino chloride is used rather than the monohyd rated 
form, but the dehydrating properties of the latter in the presence 
of concentrated hydrochloric acid are better than the former, as is 
shown in the second experiment described above. 

The dehydrating properties of the monohydrate of zinc chloride 
are of interest in connexion with the following experiment. 

If pure monochloroinethyl ether is condensed with benzene in 
the presence of zinc chloride in the manner above described, the 
following results are obtained, using 49 grams of benzene and 

grams of raonocbloromethyl ether. 

(i) Using anhydrous zinc chloride in sufficient quantity to form 
:he monohydrate, 14‘5 grams of benzyl chloride were obtained after 
live hours. 

(u) Using zinc chloride monohydrate in sufficient quantity to 
form the dihydrate, 14-5 grams of benzyl chloride were obtained 
ifter three-quarters of an hour. 

These results are explained by the fact that hydrolysis of mono- 
chloromethyl ether must occur before the main condensation takes 
place, as mentioned in the introduction. 

Thus, if no water is present in the zinc chloride, the reaction 
proceeds very slowly, since there is no tendency for the dehydration 
lo take place until partial hydrolysis occurs. 
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In the case of the crude oil from formaldehyde, this conUim 
much *^ 3 ichloromethyl ether, rrhich may be condensed witkoM 
hydrolysis to form benzyl chloride: 

SCgHj + (CH2C1)20 = 2 CsH 5-CH,C1 + HjO. 

The change represented by this equation may be realised in 
practice by allowing a mixture of benzene and the crude oil t, 
Lain for^everal days. A small quantity of ^“nde h 

obtained, the formation of which is probably facilitated by the 
presence of hydrogen chloride dissolved in 

In the reaction between benzene and s-dichloromethyl ether, 
water should be carefully excluded unless it has been previously 
saturated with hydrogen chloride, otherwise a considerable amouut 
of hydrolysis of s-dichloromethyl ether takes place, according to 

theequatjon + H „0 = 2HC1 + SCH^O, 

and this accounts for the poorer yields of benzyl chloride obtained 
it the monohydrate is used as dehydrating agent. 

From. Paru/ormuldrhyiJe.-Thirty grams of paraformaldehj e 
and 127 grams of anhydrous zinc chloride were suspended in 100 
grams of benzene, the mixture being cooled in ice and treated mtl 
L hydrogen chloride for several hours. The product was the. 
poured into water, and, on distillation in a current of steam snd 
subsequent purification, 35 grams of benzyl chloride were obtained. 
A laVge residne remained in the flask after distillation with steam 
the composition of which appeared to he of a very complex na m 
From Sexamethyhnetetramme.-VoTtj grams of hexamelhylene 

tetramine were mixed with 35 grams of powdered zinc eh on . 
and suspended in 54 grams of benzene. Dry hydrogen chlonde 
was passed into the mixture for eight hours, a red coloration beu! 
produced, which disappeared on pouring the mixture into water 
Only a very small residue was left after distillation with stem 
and the distillate, after purification, gave 5 grams of hem; 

chloride. ^ ... ,1 ^ 

An experiment was carried out with the object of combining 
action of hydrogen chloride on formaldehyde with the subsequent 
one for the formation of benzyl chloride. Benzene (104 grants 
was emulsified with formaldehyde solution (100 c.c. of 40 per cen ■ 
by vigorous stirring, using a rapidly rotating Witts stirre^ 
hydrogen chloride was passed into the emulsion, which was coo 
in ice, and finely powdered zinc chloride (140 grams) ad 
ally during four hours. The yield of benzyl chloride was 23 
and much residue remained after distillation with s ^ 

disadvantage of this method is that the temperature is very 
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to control, owing to the heat evolved during the action of hydrogen 
oliloride on formaldehyde. 

A further experiment, carried out without the use of zinc 
cldoride, gave 10 grams of benzyl chloride, using the same quanti- 
ties as before. 

As stated previously, the use of sulphuric acid as a dehydrating 
a^ent instead of anhydrous zinc chloride in the above reactions 
ffives poorer yields of benzyl chloride. Th© results obtained from 
a series of experiments indicate that th© more concentrated the 
acid the smaller is the yield of benzyl chloride, and, in particular, 
sulphuric acid of concentration higher than 80 per cent, causes 
decomposition of the benzyl chloride formed during the reaction. 
On the addition of sulphuric acid (concentration varying from 
80 per cent, and higher) to pure benzyl chloride, a copious evolu- 
tion of hydrogen chloride took place, with the formation of a gum- 
like residue, which was insoluble in the usual organic solvents. 
Such a residue was the chief product obtained from the experi- 
ments, which also yielded only small amounts of benzyl chloride. 
In the case of sulphuric acid of concentration less than 80 per 
cent., the power of dehydration necessary for the reaction had 
been considerably diminished, and the operation was thus pro- 
longed, a fact which miUtated against the success of the experi- 
ments. 

-Dichloro-^-xylcne . — The presence of this substance in the 
rerotion mixture during the preparation of benzyl chloride has 
already been mentioned, and the amount was observed to increase 
when the reaction was carried out between 30*^ and 40'^. A mix- 
ture of 72 grams of crude oil and 34 grams of finely powdered 
anhydrous zinc chloride was warmed at 35° for ten hours, during 
which time 39 grams of benzene were gradually added, the mixture 
lieing continually agitated. The latter became intensely red, the 
colour disappearing on pouring it into water at the end of the 
prescribed time. After the removal of the benzene and benzyl 
chloride in a current of steam, the residue was cooled, extracted 
with ether, the solution dried, and evaporated, when a semi-solid 
mass remained, which was distilled under diminished pressure, 
22 grams of a white solid (b, p. 120°/ 20 mm., m. p. 97 — 99°) being 
obtained. It crystallised from ethyl alcohol in leaves melting at 
100-5° (Lauth and Glrimaux, Zeitsch, f. Chem.., 1867, 3, 381, 
give 100°) (Found: Cl=40-28. Calc.: Cl = 40-52 per cent.). 

ww'-Dichloro-^^xylene (10 grams) was also obtained by warming 
benzyl chloride (25 grams) and the cnide oil with anhydrous zinc 
chloride at 30 — 35° for eighteen hours. After purification in the 
manner previously described, the substance melted at 100*5° It 
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is readily soluble in cold chloroform or acetone and in hot ethyl 
or methyl alcohol, from which it crystallises, but sparingly soluble 
in ethyl acetate, benzyl chloride, ether, or glacial acetic acid. On 
warming with water at 80°, it is easily hydrolysed, the presenee 
of free hydrochloric acid being detected in the aqueous portion. 
On oxidation, the substance gave terephthaldehyde (colonrl^s 
needles, m. p. 116”117° Houig, 1889, 9 , 1153) and 

terepbthalic acid (m. p. U0°), the mononitro-derivative of the 
latter melting at 259°. 

Benzyl BromMe. — This substance was prepared by treating 
benzene with the crude oil. The method of procedure was similar 
to that described in the case of benzyl chloride, and the same yields 
of benzyl bromide were obtained, the product distilling at 
114°/15 mm. 

mta^-Bihrovio-^-xylene, — This was isolated from the residue after 
removing benzyl bromide. After purification in the way already 
described for the corresponding chloro-compouud, it crystallised 
from ethyl alcohol in glistening leaves melting at 144°, and on 
oxidation with potassium permanganate it yielded terephthalic 
acid. 

m-Chloro-^'Xylene. — This was obtained (35 grams) from toluene 
(55 grams) by the methods previously described for benzyl chloride 
as a colourless liquid (b. p, 92 — 94°/ 20 mm., 192°/760 imn.) 
(Found: Cl =^23*9. Calc.: Cl -24-3 per cent.). Its identity was 
astablished by the preparation from it of terephthalic acid, ptolii- 
aldehyde (b, p. 102 — 105°/ 20 mm., 202°/ 758 mm.; oxime, m. p, 
77—78°; pmitrophenylhydrazone, m. p. 192°), and p*xylyl alcohol 
(m. p. 59°; acetate, b. p. 225— 227°/758 mm,, 121 — 123°/18 mm.), 

(Si-Bro-mo-'^-xyhne . — This was prepared by treating toluene with 
the crude brorao-oil and zinc chloride monohydrate. After purifi- 
cation, it was obtained as a heavy, colourless oil, which solidified 
after two distillations under diminished pressure (b. p. 109'^/ 
15 mm.), and the solid compound melted at 38° (Radziszewski and 
Wispek, Ber., 1882, 15 , 1743, give 35-5°) (Found: Br=43‘09. 
Calc.: Br = 43-2 per cent.). 

Di-f~tolylmethane. — This substance was isolated from the brown 
oil which remained after removing w -chi oro-p- xylene in a current 
of steam. The oil was dissolved in ether, the solution dried, 
evaporated, and the residue distilled, when a chief fraction con- 
sisting of a pale yellow oil passed over at 180°/ 13 mm. On redis- 
till ation under the ordinary pressure, the product was a colourless 
oil, boiling at 293°, which showed a faint blue fluorescence, and was 
insoluble in water, but readily soluble in tbe ordinary organic 
solvents. On cooling in a mixture of ice and salt, it solidified, 
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after draining the crystals and re-melting them, they showed a 
setting point of 22*5^. Ador and Rilliet {Ber., 1879, 12, 2302) 
give the melting point of di-p-tolylme thane as 23®, and Lavaux 
(Campt. rend., 1911, 152, 1400) gives 28® (Found: C==91’55; 
H = 8‘03. Calc.: Q=91-82; H = 8’16 per cent.). 

A portion of the substance was nitrated by warming with nitric 
acid (D 1'42) on the water-bath at 60 — 70° until the oily layer had 
disappeared. On pouring into water, a white, crystalline substance 
separated, which was collected, washed with hot water, and then 
with sodium carbonate solution, in order to remove a small quantity 
of an acid fonried by oxidation. The product was boiled with 
water, collected, and dried, and on crystallisation from acetic 
icid the first crop of crystals (plates) melted at 169 — ^170°. A 
flixture of it with 3 : 3^-dinitrodi-p-tolylmethane (p. 526) showed 
10 depression of the melting point. The filtrate deposited a further 
■rop of crystals, which were twice recrystallised from acetic acid 
ind then melted at 143 — 144°, and were identical with 3 : 3'-dinitro- 
::4^-dimethylb6nzophenone (p. 526). This substance is more 
’eadily soluble in acetic acid than the corresponding diphenyl- 
Tiethaue derivative. 

i'A^ -Dimethylhenzoplienone. — This was obtained by the oxida- 
ion of dbj?-tolylm ethane with chromic acid in acetic acid, the solu- 
;ion being kept cold. After an hour, the mixture was poured into 
TUich water, and the precipitate was collected, washed several times 
A'ith sodium carbonate solution, and then crystallised from ethyl 
ilcohol, from which the ketone separated in needles melting at 98° 
'Limpricht, Annalen, 1900, 312, 92, gives 95°). 

On fusion of the ketone with an excess of potassium hydroxide 
it 200°, the odour of toluene was observed, and the fused mass, 
ift-er cooling and acidifying with hydrochloric acid, gave an acid 
.vhich was crystallised from hot water, in which it was readily 
loluble, and melted at 177°. It was identified as p-toluic acid, 
uid there was no evidence of the presence of o-toluic acid, which, 
lowever, is only sparingly soluble in hot water. 

Prolonged action of chromic acid in acetic acid solution, or oxida- 
jion with potassium permanganate, converts di-jo-tolylme thane into 
)en2ophenone-4 : 4'-dicarboxylic acid crystallising from acetic acid 
n needles, which sublime on heating (the silver salt gave Ag = 44'4, 
-ale.; Ag = 44‘6 per cent.). The methyl ester melts at 224°, as 
lated by Limpricht (lac. eit.). Fusion of the acid with potassium 
lydroxide yielded a mixture of terephthalic and benzoic acids, 
vhich was easily separated, since the former is only very sparingly 
oluble in hot water, and the two constituents were identified in the 
^sual way. 
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<si{iyChloro-\lf-mmeive (CHoCl : Me : Me = 1 : 3 1 4). — It was qo^, 
possible to study the reactions of the three xylenes individually^ as 
these were not available. The above substance, however, 
isolated from the product obtained by treating ordinary xylene 
with the crude oil, according to the method described in the case 
of toluene. It distils at 215 — 216° under the ordinary pressure 
(105°/ 15 mm.) (Curtius and Mayer, J. pr. Chem,, 1912, [iij^ 55 
143, give 103— 104°/ 19 mm.), and possesses an odour resembling 
that of benzyl chloride (Found; 01 = 22'5. Calc.; Cl— 22‘98 per 
cent.). 

On reduction with red phosphorus and hydriodic acid, it gave 
»^-cumene (b. p. 168 — 169°), the trinitro-derivative of which melterl 
at 185°. 

On converting into the aldehyde in the usnal way, and sub 
sequent oxidation of the latter, 2 :4-dimethylb6nzoic add was 
obtained (m. p. 125°) (silver salt, found; Ag = 41'87. Calc.: 
Ag = 42-02 per cent.). 

p-ChloroheTizyl Chlorvle.—ThU substance is readily prepared 
from chlorobenzene and the crude oil by any of the methods 
previously described. Good results were obtained by using zinc 
chloride inonohydrate as dehydrating agent and carrying out tbe 
experiment at 65°. Employing 97 per cent, sulphuric acid at 25^. 
50 per cent, of the chlorobenzene was converted into ^^^ehlorobeIlZTl 
chloride, but higher temperatures favour the formation of 4:4^di- 
chlorodiphenylmethane ; the yield of the latter is nearly theoretical 
at about 40°. ;p-CblQrobenzyl chloride was also obtained by treat- 
ing chlorobenzene with ra on ochlorom ethyl ether in the presence of 
dehydrating agents. It melted at 29° and boiled at 117°/20 m\. 
and 214°/758 mm. (Found: Cl = 44‘48. Calc.: Cl = 44-1 per 
cent.). In order further to characterise this substance, p-chlorn 
benzoic acid (m. p. 236°), p-chlorobenzaldehyde (m. p. 46— 47b 
and ^-chlorobenzyl alcohol (m. p. 70—71°) were prepared from it. 

iii^-Dic^lorodiphenylmethane , — This substance wa .5 isolated 
from the residue after removing p-chlorobenzyl chloride in a current 
of steam. The brown oil was separated from the aqueous layer, 
dried, and distilled, when 4;4'-dichlorodiphenylmethane passed 
over as a colourless oil at 208 — 210°/ 15 mm., which solidified to a 
mass of white needles, and after crystallisation from metliyl 
alcohol melted at 55°; this is identical with the value given by 
Montague {Eec. trav. chim., 1907, 25, 390). 

The compound was also obtained by treating ^^chlorobenzyl 
chloride with chlorobenzene and sulphuric acid. 

Five grams (1 mol.) of ;7-chlorobenzyl chloride were melted vritb 
3' 5 grams (1 mol.) of chlorobenzene, and, after cooling, the mis- 
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iure was treated with foiir times its weight of 97 per cent, sulphuric 
acid. It was then well shaken until emulsified and hydrogen 
chloride was evolved. The reaction was moderated by cooling in 
water and the miKture was allowed to remain overnight. On 
passing a current of steam through the semi-solid mass after treat- 
ment with water, small amounts of unchanged chlorobenzene and 
p.chlorobenzyl chloride passed over, and 5 grams of 4 : 4'-dichloro- 
diphenylmethane were obtained from the residue by the method of 
purification described above. 

This was obtained by treating 
4 grams (1 mol.) of 4 : 4^-dichlorodipheiiylmethaiie dissolved in 
20 grams of glacial acetic acid with 4 grams (1 mol.) of chromic 
acid. The temperature of the solution rapidly ruse, and it was 
necessary to cool the mixture in order to control the vigorous 
action which took place. After an hour, the dark green solution 
was poured into 250 c.c. of water, when glistening plates separated 
which, after crystallisation from ethyl alcohol, melted at 145®. 
The oxime melted at 136° (Dittrich, Annalen.^ 1891, 264 , 174, gives 
135°). On fusing 4 : 4^-dichlorohcnzophenone with potassium hydr- 
oxide, the odour of chlorobenzene was observed, and p-chlorobenzoic 
acid (m. p. 236°) was isolated. 

4 A^-Dichloro-Z : 3^-dtnifrodjphenj/hnethnne . — Three grams of 
4 :4^-dichloTodiphenylmethane were dissolved in 20 c.c. of nitric 
acid (D T42) by warming on the water-bath, and the heating was 
ccntinued for one hour. On pouring into water, a white, crystal- 
line solid was deposited, which was collected, washed with hot 
water, dried, and crystallised twice from acetic acid, when it melted 
at 196°. The filtrate' from the first crystallisation, on keeping over- 
night, deposited small, white needles, which melted at 132°, and 
there was no change in melting point when the substance was 
mixed with 4 : 4'-dichloro-3 : 3^-dinitrobeTizophenone, prepared by 
nitrating 4 : 4'-dichlorobenzophenone. 

The compound melting at 196° was analysed : 

0*1205 gave 0*1049 AgCl. Cl=21’53. 

C^jHgO^'N'oCl-i requires Cl — 21*71 per cent. 

In order to determine the positions of the nitro-groups, the sub- 
stance was oxidised with chromic acid in acetic acid solution in the 
usual way. The product crystallised from ethyl alcohol in small, 
hard needles melting at 132°, and consisted of 4 ;4^-dich1oro-3 : 3^- 
dinitrohenzophenone. 

The usual methods of carrying out the reactions descrihed in the 
foregoing experiments have been applied to the preparation of the 
following compounds. 

^^romohenzyl Chloride , was obtained from bromobenzene 
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and the crude oil in the presence of zinc chloride monohydrate. 
Forty-five per cent, of the bromobenzene was converted into 
^-broinobenzyl chloride, which, after purification, melted at 40^ 
(Errera, Gazzetta, 1898, 18, 239, gives 38—39®). Oxidation with 
potassium permanganate gave p-bromobenzoic acid (m. p, 251'^). 

4 : 4 ^-Dibroinodiph 6 nylmethane (m. p. 64®) was also isolated from 
the above reaction. 

^-ChloTobenzyl 6romwfe, prepared from chlorobenzene and the 
corresponding bromo-oil, crystallises from ethyl alcohol in needles 
melting at 48® (Jackson and Field, Ber., 1878, 11, 905, give 48-5®). 
Oxidation with potassium permanganate yielded p-chlorobenzoic 
acid. 

Y>-Bromohenzyl bromide, prepared from bromobenzene and the 
bromo-oil, crystallised from methyl alcohol in needles melting at 

60 61®. Oxidation converted it into p-bromobenzoic acid. 

2-m{4i)-Dichloro-ip-xylene (CH 3 : Cl :CH 2 C 1 = 1:2: 4). This was 
prepared from o-chlorotoiuene and the cimde oil by treatment with 
zinc chloride monobydrate, the mixture being allowed to remain 
for twenty-four hours. After purification, it was obtained as a 
colourless oil boiling at 124°/ 20 mm. 

Found: Cl = 40 '39. 

CgHgCh requires Cl = 40-52 per cent. 

On oxidation with potassium permanganate, an acid was 
obtained, the ethyl ester of which (b. p. 149®) gave, on hydrolysis, 
2-ehloro-p-toIuic acid (m. p. 195 — ^197®) (Found: Cl = 20'44. 
Calc.: Cl = 20-8 per cent.). Gentle fusion of this acid with 
potassium hydroxide furnished 2-hydroxy-p-toluic acid (m. p. 
204—205®). 

m-Nitrohenzj/l Chlorule. — Many experiments were carried out 
with the object of preparing 7?i-nifcrobenzyl chloride from nitres 
benzene and the crude oil, but only a small amount of the substanw 
was isolated from any single experiment. 

The best result was obtained by treating 63 grams of nitrobenzene 
with 80 c.c. of sulphuric acid (D 1-84) to which were added 10 c.c. 
of fuming sulphuric acid containing 10 per cent, of sulphur tri- 
oxide, adding gradually 45 c.c. of the crude oil, and maintaining the 
mixture at 50° for three days. The dark olive-green liquid wa? 
poured into four times its volumes of water and distilled in a 
current of steam; 56 grams of nitrobenzene were recovered, and 
3 grams of a white substance solidifjed in the cool part of the 
condenser. A small amount of a dark brown solid was left in the 
flask. 

The white solid was found to consist of m-nitrobenzyl chloride, 
which crystallised from ethyl alcohol in glistening plates meltn^o 
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at 44*5^^. It was coaverted by oxidation with potassium perman- 
crauate into m-nitrobenzoic acid (m. p. 139 — 140°), the methyl 
^ler of which melted at 77*5°. 

7 ?i'Nitro])enzyl chloride was also obtained by treating nitro- 
benzene and monochloromethyl ether in molecular proportions with 
aluminium chloride. The yield, however, is poor, and 3 : 3^-dinitro- 
diphenylmethane is the chief product. 

iiiii)'€hloro-%nitr<y^-xylene (CH^ : NO^ ; CH 2 CI -1:2: 4). — The 
action of sulphuric acid containing 10 per cent, of sulphur trioxide 
on mixtures of o-nifcrotoluene and the crude oil resulted in the 
formation of small quantities of this compound. The following 
method, however, was found to give a satisfactory result. 

Twenty grams of the crude oil were mixed with 20 grams of 
o-nitrotoluene, and to the clear solution 25 grams of finely powdered 
aluminium chloride were added during the course of two hours. 
The solution became darker, and heat was evolved. After remain- 
ing overnight, water was added and the mixture distilled in a 
current of steam, when a mixture of (o(4)-chloro-2-nitro-;^xylene 
and o-nitrotoluene passed over, leaving a brown oil in the flask. 
The mixture was separated by distilling off the o^nitrotoluene 
under diminished pressure. 

t^{i)-Chloro-2-^itro--^- xylene was also obtained by treating a 
mixture of o-nitrotoluene and chloromethyl ether in molecular pro- 
portions with a little more than the theoretical quantity of alum- 
inium chloride, and subsequently purifying by the method already 
described. There was no unchanged o-nitrotoluene, but a consider- 
able amount of the brown oil, mentioned above, remained after 
distillation with steam. 

The substance, after crystallisation from methyl alcohol, melts 
at 45°. It has a violent action on the skin, and the vapour attacks 
the eyes and nose. It is readily soluble in benzene, chloroform, 
acetone, or ethyl alcohol. 

Found ; Cl= 19-07. 

CgHjjOgNCl requires Cl-19‘11 per cent. 

The position of the chloromethyl group was determined (i) by 
converting a portion of the material into 2-nitroterephthalic acid 
by o.xidation with potassium permanganate; (ii) reduction with 
tin and hydrochloric acid, by which treatment the chlorine in the 
side-chain was replaced by hydrogen and the nitro-group reduced in 
the usual way, ;7-xylidine (b. p. 218°) being isolated from the mix- 
ture. The platinichlorido was analysed, and the hydrochloride, 
acetyl and benzoyl derivatives melted at the same temperatures as 
are recorded in the literature. 

•T)initrodi~^~t()lylmethane . — The brown oil mentioned in the 
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above preparation solidified on cooling in ice, was ground with 
a little ethyl alcohol, and the latter decanted, the operation beins 
repeated several times in order to remove traces of the chloro 
methyl compound. It crystallised from acetic acid in thin, glisten- 
ing plates melting at 170°. It is only sparingly soluble in hot 
ethyl or methyl alcohol, but very readily soluble in cold acetone. 
A mixture of this substance with the product obtained by treating 
o-nitrotolueue with form aid eh} Je solution and sulphuric acid 
(D.R.-P. 67001), which has been shown (Pischer and Gross, J. 
Chem,, 1910, [ii], 82 , 231) to be 3 : 3''-dinitrodi-p-tolylmethaiie, 
melted at 170°. 

$ ■A^-(limeth'>/lhenz(yphe7ione.—T]xi5 was obtained by 

oxidising the preceding compound with chromic acid in acetic acid 
solution at the ordinary temperature. The ketone was washed 
with dilute sodium carbonate solution, and it crystallised fron 
acetic acid in yellow needles melting at 144°. 

On fusion with potassium hydroxide, it undergoes fission at the 
carbonyl group, yielding 2-uitro-p'toluio acid and o-nitrotohene, 
which were conveniently isolated as the corresponding oxidation 
products, nitroterephthalic acid and o-nitrobenzoic acid respectively. 
The corresponding 3 ; 3^ -diamino-compound and its diacetyl deriv- 
ative melted at 172° and 196° respectively, as stated by Lange and 
Zufall {AnnaJen, 1892, 271 , 6). 

(ji{2yGhloroA-mtro-o-xi/kne (CH3 : CH2CI : NO^^l : 2 ;4).— The 
most satisfactory method of preparing this substance consisted in 
treating a mixture of 10 grams of yi-nitrotoluene and 20 grams of 
crude oil with 50 grams of fuming sulphuric acid containing 20 per 
cent, of sulphur tri oxide. After remaining overnight, the mixture 
was treated in the usual way, and o)(2)-chloro-4-nitro-0'Xylene was 
finally obtained from methyl- alcoholic solution in needles melting 
at 50°. 

The same substance may be prepared by using any of the methods 
described for the preparation of w(4)-chloro-2-nitr{>//-xy]enp,, 
although the yields are not correspondingly as good. 

Found: Cl — 18‘99. 

CpIIgOoNCl requires Cl = 19-11 per cent. 

<ji(2)-ChloroA:-nitr(ho-xylen& is readily soluble in ethyl alcohol, 
benzene, or ether, but sparingly so in acetone or light petroleum, 
and its physiological action is similar to that of aj(4)*chloro-2-iiitro- 
p-xylene. On reduction with tin and hydrochloric acid, it gave 
o-4-xylidine (m. p. 49°), which was identified by means of its acetyl 
derivative (m. p. 99°) and analysis of the platinichloride (Found: 
Pt = 29‘88. Calc.; Pt=29'93 per cent.), 

On oxidation with potassium permanganate, (o(2)-chlorO“4-mtro- 
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y-xylece is converted into 4-nitroplitlialic acid (m. p, 159^), from 
which 4-nitrophthalanil (m. p. 192°) was prepared. 

5 : 5^-Dinitrodi-o-tolylmetliaiie was also isolated in the above 
reaction. It melted at 153° (Weil, Ber., 1894, 27, 3314), the corre- 
sponding 5:5^-diainino-compoiind at 99° and the diacetyl deriv- 
ative of the latter at 269°. 

5 io'-Dimtr(>benzophen(me-2 : V-dioarhoxylic A cid. This com- 

pound was readily obtained by oxidising the corresponding 
diphenylmethane derivative with chromic acid in acetic acid solu- 
tion, and subsequently treating the crude benzophenone derivative 
(which has not yet been isolated in a pure condition) with potassium 
permanganate. It crystallised from ethyl alcohol in well-defined 
needles, which did not melt at 300° : 

0-2620 gave 0‘4796 COo and 0-0568 H^O. 0 = 49-92 3 H = 2-43. 

requires 0 = 50 01; H=2-34 per cent. 

On fusion with potassium hydroxide, 4-nitrophthalic acid and 
/Miitrobenzoic acid were obtained. 

In concluding, we desire to express our thanks to Professor 
Lapworth and Dr. J. E. Myers for the kind interest they have 
taken in the research. 

The Chemicaj^ Depaetmknt, 

The University, Manchester. [Received, March Gth, 1920.] 


— A New Hydrogen Sulphide Generator. 

By Bertram Dillon Steele and Henry George Denham. 

The chief defects common to the usual laboratory forms of 
Hydrogen sulphide generators are to be traced to the comparative 
slowness of the reaction between acid and sulphide, especially when 
the concentration of the acid has reached a low value. In con- 
sequence of this, a very large apparatus is necessary if it is desired 
to supply each member of a class with a constant supply of gas, 
and in order to attain this there is, in general, a great wastage of 
partly spent acid. In the apparatus herein described, an endeavour 
as been made to obtain (1) a rapid evolution of gas, and (2) com- 
plete neutralisation of the acid . 

Preliminary experiments on the effect of temperature on the 
ve ocity of the reaction between iron sulphide and hydrochloric 
acid were carried out in 1911 by Mr. I. Rosenblum at the sugges- 
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tion of one of the authors, and it was soon established that the t*„ 
desired objects could be readily attained by bringing about He 
reaction in the neighbourhood of 100°. The following apparatus 

was then designed : a. « i, 

A is the acid-holder containing about 15 litres, B a smaller 
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aci(i may He readily removed. As a matter of convenience, it is 
advisable to have H sufficiently large to hold the maximum amount 
of acid required per demonstration. In order to facilitate the 
displacement of air from the vessel H by the incoming spent liquor, 
t,]ie tube L has a number of holes blown in it. The steam may be 
supplied from a 500 c.c. flask, Gj and experience has shown that 
^•ith a short air -con denser attached to J there is practically com- 
plete condensation of the escaping steam, so that little or no atten- 
tion is required. 

Mode of Operation . — The apparatus, F, is packed with lumps of 
iron sulphide, and the acid-holders are filled with commercial hydro- 
chloric acid diluted with an equal volume of water, Ou opening 
the tap C, acid begins to drip on the sulphide, and. nrovided steam 
has been passed through the jacket for a sufficiently long period 
to ensure thorough heating of the sulphide, each incoming drop of 
acid reacts with almost explosive violence, and long before the acid 
has percolated through the heated column it is completely 
neutralised. In fact, a few pieces of iron sulphide placed in the 
receiver H were found to be unacted on after the apparatus had 
been in constant use for seven months, After generation, the gas 
passes through the tap 0 and the wash -bottle M before distribu- 
tion to the students’ benches. On turning off either the tap C or 
the bench taps, the gas generated by the last few drops of acid 
passes hack into the holder B and forces acid into the upper 
vessel A. 

Gnieral 72 —Hydrochloric acid (1 :1) has been found to be 
more suitable than sulphuric acid, owing to the great tendency of 
ferrous sulphate to cryst^allise out as the spent liquor passes from 
the heated generator into the receiver, thereby causing a block. 

The apparatus of the dimensions indicated in the figure is 
sufficiently large to supply hydrogen sulphide to the bench of every 
student in a class of fifty-four, and will stand all demands made 
on it when this class is engaged exclusively on the analysis of mix- 
tures containing at least four bases from Groups HA and II5, even 
to the extent of enabling them to prepare their own ammonium 
sulphide. As an example of the economy of the apparatus, a series 
of tests showed that the average consumption of concentrated 
hydrochloric acid per demonstration of two hours by each student 
engaged as above in Group TT analysis amounted to 14 c.c., which 
was equivalent to 2300 c.c. of hydrogen sul])liide at normal pressure 
and the ordinary temperature. 

The Depab.tment of Chemistry, 

University op Queensejind, 

Brisbane. 


{Received, Novcinher 2iih, 1919.] 
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Direct Experimental Determination of the 
Concentration of Potassium and Sodium Ions in 
Soap) Solutions and Gels. 

By Cyril Sebastian Salmon. 


In a series of papers from this laboratory (McBain, Trans, Faraikii 
Soc.i 1913 , 9, 99 ; KoUoid Zeitsch., 1913 , 12, 256; J. Soc. Chem. 
Ind. 1918 , 37, 249 t ; MoBain and Martin, T., 1914 , 105, 957 ; 
McBain and Salmon, Proc. Eoy. Soc., 1920 , [A], 97 , 44 ; 7. Avm, 
Chem. Soc., 1920 , 42, 426 ; McBain, Laing, and Titley, T., 1919 , 
116 1279), a theory of soap solutions has been developed wbicli 
quantitatively correlates their high conductivity, moderate osmoiie 
activity, and colloidal properties. Soaps are coin^ived as a type 
of a large class of substances, defined as colloidal electrolyte., 
which owe their properties to the presence of a heavily hydrated, 
highly charged, excellently conducting ionic micelle. 

Hitherto, in the few cases where colloidal ions were envisaged, 
kataphoresis was confounded with conductivity, and to siieli 
colloidal ions was then ascribed a low mobility, such as that to 
be expected from a complex ion, or it is a well-known and slrikii,. 
fact that the kataphoresis of colloidal particles, and even of coai- 
suspensions, is in general almost comparable in velocity with tlie 
movement of a slow ion. Moreover, it was only in the few ca^s 
referred to that kataphoresis was interpreted as conductivity. 

The carefully suhstantiated data for soap solutions obtained bv 
several independent and corroboratory methods force us to ascrii;>e 
to the ionic micelle an equivalent conductivity which is even 
greater than the sum total of the conductivities of the ions from 
which it is derived. This is explained on mechanical g^ollna^ 
making use of the principle of Stokes’s law by conceiving the ionic 
micelle as an aggregation of fatty ions, such as palmitate 
which have retained their electrical charges. The ionic micete 
must include also, and is probably stabilised by, a large amount oi 


neutral colloid and of hydrate water. 

It is clear tliafc the ionic micelle must possess high elKtnw 
mobility, but very low mechanical mobility. Under the 
of electrical forces, the mobility of the micelle is ma-g™'' 
direct proportion to the number of ionic charts which it oo 
prises, whereas for purposes of diffusion the dming force is . 
that of an individual ion. ^ 

The object of the present investigation was twofold: ; 
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as directly as possible the quantitative data already deduced 
by our theory by a further independent method, and, secondly, to 
demonstrate this distinction between electrical and mechanical 
mobility. The method employed was that of electromotive force, 
using potassium and sodium electrodes. The results are as good 
i quantitative confirmation as could he expected. The solutions 
ictually studied were potassium laurate at room tempera- 
•ure, since it is the highest soap which gives a clear solution at 
he ordinary temperature and yet shows all the characteristics of 
1 higher saturated soap, potassium and sodium oleates at the 
)r(linary temperature, and sodium palmitate at 90°, since it has 
Deen in other respects the most carefully investigated soap. 

Experimental. 

The fatty acids used and the precautions taken in the prepara- 
tion of the soap solutions were similar to those descril}ed in previous 
communications. 

The amalgam for these experiments was prepared in a pure 
state by filtering potassium free from oxide through a capillary 
tube in an inert atmosphere, and distilling mercur\^ into the pure 
metal so obtained. The apparatus used for the purpose (Fig. 1) 
is a modified form of that employed by T.ewis and Kranss (J. 
Amer. Chem, Soc., 1910, 32 , 1959; Lewis and Keyes, Hid.. 1912, 
34 , 119), who were the first to measure the potentials of both 
sodium and potassium electrodes. The bulb 7) contains mercury 
previously purified by washing with mercurous nitrate and distilla- 
tion in a current of air. The apparatus is washed out with dry 
ammonia gas, and, while the gas is still streaming through, a 
clean hiilb of potassium is introduced into the tube A and another 
into A and F are then sealed, and the apparatus is exhausted. 
The object of the potassium at F is to remove all remaining 
oxygen or water vapour. This is ensured by melting tbe metal 
and constantly renewing the surface by tapping the tube until a 
surface is obtained which remains untarnished. F is then removed 
by sealing at B. The apparatus is heated to 120°, the potassium 
in A melts, and is forced by the glass weight 7 through the 
capillary tube into the bulb 5, which acts as a trap for any oxide 
that may have been carried along with the metal. Tubes A and 
^ are removed by sealing at and the mercury in 7) is distilled 
mto C by raising the temperature to 250°. The resulting amalgam 
IS thoroughly mixed by shaking, and may he kept unchanged for 
periods. 

f'ig. 2 shows the type of electrode used. A is a reservoir for 
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the amalgam, and is connected to the electrode chamber 7 by a 
two-way stopcock and capillary tube, B. (The two-way cock serves 
to facilitate cleaning the capillary between measurements.) 
Electrical contact is made by sealing a platinum wire through the 
capillary tube at E. The reservoir is filled by sealing the electrode 
vessel at C to the apparatus in which the amalgam is prepared, 
washing out with ammonia gas, exhausting, and then opening the 
stopcock of the amalgam vessel. After filling, the electrode vessel 


Fia. 1. 



Apparatus for the preparation of clean potassium amalgam. 


is sealed off at G. The calcium chloride tube serves to admit dry 
ammonia gas to displace the amalgam as it is used. ^ 

The solution to be investigated is placed in the electrwe 
chamber, I, and amalgam admitted to the capillary tube unti a 
small drop forms at II . At first this reacts slightly with t e 
water, and the surface becomes contaminated with hydrogen, bu 
it was found that by renewing the drop once or twice, surfaces 
could be obtained which remained clear for from ten to twen y 
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minutes. During this period the electromotive force remains 
constant, but then coininenoes to fall off rapidly. On renewing 
the surface, however, the E.M.F. returns to its original value. 

E.M.E, was measured by the potentiometer method, using 
two carefully calibrated resistance boxes (both of 111,110 ohms 

Fig. 2. 



otal resistance) instead of a bridge wire. By keeping the total 
esistance in the two boxes 111,110 ohms and varying the ratio 
letween them, measurements could be made to within less than 
ne-tenth millivolt. 

The electrode potentials were measured against the iV-calomel 
■lectrode, using 0‘27^^-potassium chloride a.s intermediate liquid in 
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moet cases. The cell measured was then of the following type, 
the arrow showing the direction of the current in the cell : 

K amalgam I laurate] 0-2iy^-KCi |iV-KCl,HgCl |Hg. 


(a) Potassium Lawrate at 25*^ as compa/red with Potassium 
Chloride. 

Table I gives the results obtained with three concentrations. 

The values in columns in A , B, G represent three different series 
of measurements carried out with different specimens of amalgam 
and of potassium laurate, and against a different normal electrode. 
The agreement between these series is sufficiently good for our 
purpose, which is to ascertain the concentration of potassium ions 
in soap solutions by direct comparison with known solutions of 
potassium chloride. 


Table I. 


E.M.F. (Volts.) 


Electrode 

Jliddle 





solution. 

liquid. 

A. 

B. C. 

N'K laurate 

0*2V-KC1. 

2*183 

2-197 2-219 

0*5xV- „ 


2-196 

— 2-233 

0*2iV- „ 


2-205 

— 2*245 

0‘6V.KC1 


2-159 

2*176 2*196 

0*2iV- „ 


2-182 

2-199 2-219 


Table II. 

Potassium Laurate with Different Co-ncenirations of Potassiwn 
Chloride as Middle Liquid. 


Electrode 
solution. 
JLAS. laurate 
0-5V- „ 

0-2V- „ 


E.M.F. (Volta.) 


0-2.V-KC1. 0-05J/-KC1. OOlV-Ka 

2-219 2*235 2*253 

2*233 2*241 2*263 

2*245 2*252 2*264 


Table III. 

l^oUusium Laurate with Different Concentrations of Sodim 
Chloride as Middle Liquid. 

Middle liquid. E calc. E found, 

0*2N-NaCl 2*244 2*241 

O-OS^”- 2*256 2*254 

0•01^■- 2*268 2-268 



COXOliNlltAl'lON OB’ POTASSIUM ANU SODiUM tONS, ilTC. o3o 


(b) PotassiAim Oleaie at IS*^. 

potassium laurate had been chosen for investigation as being 
the highest member in the saturated fatty acid series which could 
be studied at the ordinary temperature. Potassium oleate, the 
salt of an uusaturated fatty acid of higher molecular weight, is 
more colloidal in its behaviour, and its colloidal properties persist 
in greater dilution than the laurate, whilst its solutions of 
moderate concentration are quite clear liquids. The highest con- 
centratiou (0 6A'), which gave a clear solution, was therefore 
measured for comparison with potassium laurate. Determinations 
^rried out with three dilTerent concentrations of potassium 
chloride as middle section are given in table IV. 

Table JV. 

0-lJV-KCl. 0-05V-KC1. O-OIV'KCI. 

0 6iV-K oleate 2-239 volt a. 2-245 volts. 2-276 volts. 

(c) Sodmm Palmitatc, at 90°. 

The results obtained for potassium laurate and potassium oleate 
at the ordinary temperature confirm the hypothesis of an ionic 
micelle for these solutions, but since a great part of the existing 
data for soap solutions was obtained at 90°, it was considered desir- 
able to obtain at least one measurement at that temperature with 
the sodium electrode. The experimental difficulty in working at 
this temperature lies in the fact that it is difficult to obtain an 
amalgam which will not react with water. It was found, how- 
ever, that it was just possible to obtain measurements which, 
although not very accurate, are yet sufficiently trustworthy to 
obtain at least a quantitative measurement. A iV-solution of 
sodium palmitate was selected for this measurement, since it is 
one of the most typical soap solutions and the most carefully 
investigated. 

The amalgam was prepared in exactly the same way as 
potassium amalgam. In carrying out the experiment, two middle 
sections were used of the same coii centratiou of potassium chloride, 
one at 90° and the other (coramuiii eating with the calomel elec- 
trode) at the ordinary temperature, thus keeping the temperature 
gradient in potassium chloride. Connexion between the soap and 

0 potassium chloride was made by means of a fine capillary tube 
. ^ of the latter. -Table V contains the results for three different 
piddle sections. 
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Table V. 


OlN-KCl. 

N'-Na palmitate... 2-263 volte. 


0-05N-KC1. 
2-272 volts. 


0-01N-K.C1. 
2-295 volte, 


The electrode potentials of iV/2- and 7\f/5-9odiuin chloride were 
also measured with 0 - liVTotassium chloride as middle section. 
They were found to he 2-237 and 2-261 volts respectively. 


(d) Sodium Oleate as Sol and m Gel at 18°. 

A 0-6iV-solution of this soap was investigated, since it can be 
obtained at the ordinary temperature in three states, namely, as 
viscous sol, a clear, transparent gel, and white, opaque curd. 

Measurements were carried out at 18° with the sol and gel by 
the method already described, but it was found impossible to 
obtain trustworthy results with the curd. Figures for the sol 
and gel axe given in table VI. 


Table VI. 

Middle liquid. Sol. 

JV/6-NaCl 2-284 

J^/lO-NaCl 2-295 

iV/iOO-NaCl 2-315 


Cxel. 

2-283 

2-293 

2-314 


It will be seeu from the above table that the conooutratoo ol 
the sodium ion is the same iu the sol and gel. This wiU he d,s 
cussed iu another paper by Miss M. E. Laing. It is sufficient t 
say here that the calculated values of E, and Ca " 

are TO mnos.y 


are i-u mnus , ... millivolts, and O il normal. The 
corrected for difiusion potential, thus becomes 2-263 volts; tta 
of A/5-sodium chloride is 2-254. From th^e values we obU 

, .1 «1.T. -- sr SIS 


req'^Fred bV the data of McBain, Laing, and Titley. MorwW 
it should be noticed that the diffusion potential is not affected J 
tbe gelation of the sodinm oleate. 

The Calculation of Viffueion Potentml for the Case of »» 
J^lectrolytic Colloid. 

In the introduction above it was made ““£2 

an electrical field of force is tbe driving agen , i 
and not the electrical, mobility of the lomo “'“U® 
in evidence. The diSusion potential will therefore dope 
mechanical diffusion velocity of the ionic micelle, taken 
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junction with that of the other ions present, for which, of course, 
Tiiechauical and electrical diffusion velocity are identical. 

Before calculating the concentration of potassium ion from the 
measurements given, it is therefore necessary to evaluate the 
liquid potential between such solutions as potassium laurate and 
potassium chloride. This is by no means negligible, since the rate 
of diffusion of the potassium ion is many times that of the laurate 
ion or micelle. 

It was finally determined in the following manner. The 
Henderson formula for a liquid potential gives 


E = 


- 1"*), In U, + 7,) 

V ■ Ci( a, + Fi) - c,( u, + V,), c,{ u, + V,) ’ 


where, in the case under consideration, the concentration, C\, and 
the mobilities, and V^, refer to potassium laurate, and 
aud V2 to potassium chloride. 

fj must be the effective diffusion velocity of the ionic micelle, 
together with that of any laurate ions present. It is not easy to 
calculate this resultant with any accuracy from previously avail- 
able data, but if we consider the above equation, there are only 
three unknown quantities, the concentration of potassium ion 
in soap solutions, l\, and E, the diffusion potential itself. It is 
only necessary to obtain three equations connecting these quanti- 
ties in order to evaluate them. This can be done by using different 
concentrations of potassium chloride as middle section, data for 
which were given in table II. The values for E, and Kj, calcu- 
lated from these figures, are shown in table VII. 


Table VII. 


Solution. 
^-K laurate 
0-o.V- 
0-2.V. 


(mhos). 

E (millivolts). 

(normality). 

14 

17 

0-33 

18 

13 

0-16 

25 

7 

0-082 


It ia at once seen that Fj increases with increasing dilution. 
This is in accordance with theory, since we know that the relative 
amount of soap present as crystalloid is greater in dilute solutions 
than in more concentrated ones. In other words, the more rapidly 
diffusing laurate ion is being displaced by the more slowly 
diffusing micelle,* and in the most dilute solution, Fj, approaches 
the mobility of the former. 

C * course, in the opposite direction to the effect of dilution on 
the displacement of the micelle by ion decreases the 

VOL. exvn. 


X 
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The values of the diSusion potential are quite large and affect 
the concentration value of the potassium ion by comparison with 
the potassium chloride so much that it was considered necessary 
to test the applicability of the Henderson formula to the present 
case before accepting these tesults, especially in view of the fact 
that we are giving to Fj a meaning different from that usually 
given to it Measurements were therefore earned out, nsmg 
sodium chloride as middle section. The results of these deter- 
minations were given in table IH, where, under the column 
E calc, were given the EM.i'Js of the cell calculated from tb 
value of and Vi obtained above. E found contains the experi- 
mentally determined values. .n n i . 

The agreement between the calculated and experimentally deter- 
mined values is quite satisfactory, and we are therefore justified 
in accepting these values of the diffusion potential so determined 
as being trustworthy. It will be noted that the dillusibihty Iq, 
is by no means equal to zero, even for concentrated solutions where 
the ionic micelle has almost completely displaced the simple fatty 
ion It is, indeed, quite a largd fraction of the value 20' i, 
which one expects for a simple fatty ion containing from twelve 
to eighteen carbon atoms. The explanation is to be sought m the 
dissociation of soap and micelle that takes place when it diffuses 
into aqueous potassium chloride, which previously contamed uo 
soap It is proposed to calculate these values later, when the 
equilibria in soap solutions containing admixtures of chlorides 
have been sufficiently investigated. It may be pointed out tha 
the concentrations dealt with in the present paper are such that 
salting out does not occur at the boundaries of salt and soap 

"°'lt^°s™ ow possible to introduce the corrected diffusion potentials 
in the measurements which McBain and Martin earned out on 
the hydrogen potential of soap solutions. This affects chiefly tie 
more concentrated solutions, and the result is a diminution la 
the concentration of the alkali formed on hydrolysis, which still 
further emphasises its negligible character in concentra e soap 
solutions. The corrected results will he included in another co ■ 
municatiou from this laboratory. 

Discussion of EesuUs. 

I. Potassium Laurate. (a) Concentration of the Potassium Im- 
The concentration of the potassium ion has already ice» 
obtained in the solution of the Henderson io^uh.,hixi it ca 
calculated in another manner by comparing the EM. if., 
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for this diffusion potential, with, that obtained for potassium 
chloride. These values are given in table VIII. 

Table VIII. 


Solution. Corrected E,M.F. Normality of K*. 

V-Klaurate 2-202 0-33 

0-5V- „ 2-218 0-17 

0-2V* „ 2-238 0-082 

(0-2V-KC1) (2-219) (0-167) 


The concentrations measured in this manner agree closely with 
those tabulated in table VII. 

(b) Comjnrison with Conductivity and Osmotic Data. 

McBain, Laing, and Titley {loc. cit.) have calculated the con- 
centration of potassium ion in solutions of potassium laurate, from 
conductivity data, malting the assumption that the laurate micelle 
has the same electrical mobility as the potassium ion. These 
values are included in table IX for comparison with those recorded 
above, together with the total concentration of crystalloid present 
calculated from osmotic data. 


Table IX. 



Concentration 

Concentration 

Concentration of 
crystalloid by 


of K* by 

of K* by 

osmotic 

Solution. 

FM.F. 

conductivity. 

data. 

N-K-laurato 

0-33V 

0-36.V 

0-40V 

0-5.V- 

0-17V 

0176V 

0-20V 

0-2X 

0-082N 

0-065V 

0‘136V 


The agreement between columns two and three is sufficiently 
close to afford confirmation of the existence of the ionic micelle 
and to justify the assumption made as to its mobility. For the 
most concentrated solutions, the conductivity value is higher than 
that calculated from electromotive force data. To bring these 
two values into agreement, it would be necessary to ascribe to the 
, micelle a still greater mobility; but it is doubtful if we are justified 
iin doing so, since, in general, conductivity and osmotic data do 
uot closely agree. 

In the lowest concentration the conductivity value is low, and 
the difference between it and the E.M.F. value is undoubtedly 
real. This is explained by the substitution of the laurate ion for 
the micelle, and consequent decrease in electrical mobility. In 
his solution, the concentration of colloid pr^ent as micelle is 
t^038iV, and of the laurate ion 0*044V. If we calculate an average 

X 2 
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value for the cMnbiued mobility of tbe micelle and ion from th 
relation F = aFm + (1 — 0 )^ 2 , where o is the proportion of soap a 
Tniceile and (1 - a) is the proportion as ion, and Vm and ar 
the respective mobilities of the micelle and ion, we obtain 40'9 a 
the combined mobility. Substituting this value in the coudu( 
. . . 41-7 

tmty calculation, we find a — ^ This gives the concentratio 

of potassium ion as O OTS.Y, which is in much closer agreement wit 
the electromotive force value. 

In iV-potassium laurate, the concentration of the total crystal 
lold is O-IiV, and that of the potassium ion 0'33, leaving only 0*0 
for all other crystalloid, including undissociated potassium lauratt 
laurate ion, and hydroxyl ion. 

In 0‘2iV-potassiiun laurate, the concentration of crystalloid 
other than K', is 0'054iV, relatively a much greater quantity. Thi 
transition from colloid to crystalloid with increasing dilution i 
quite gradual and regular, 

(c) The composition of the Ionic Micelle. 

Wo are now in a position to calculate the approximate concen 
tration of all the constituents of potassium laurate solutions 
These are given in table X, all concentrations being expressed ir 
mols. per 1000 grams of water. 




Table X. 


Micelle 

Neutral 

colloid 

Solution. 

K*. 


KL. 


(KL).. 

N'-K -laurate 

0-33 

0-04 

0-03 

0-29 

0-64 

0'5V- 

0-n 

0-02 

001 

0-15 

0-32 

0-2N- 

0-082 

0-044 

0-01 

0-038 

0-04 


It is not yet possible to determine with certainty whether the 
formula of the micelle is or (KI.)„(U)^,(H20),. We 

consider it most probable that part of the neutral colloid i& 
absorbed in the- micelle. The formula, calculated on the assump- 
tion that the whole is taken up, would be [(KL 2 . 2 ){L 0 ®- 2 ^J»’ 

II. Potassium Oleate. 

The values for Vj, and Ci, calculated from the data of table 
IV, are 12 mhos., 22 millivolts, and 0*1 9iV respectively. 
corrected E.M.F. becomes 2'317, and comparing this value with 
the corresponding E.M.F. for 0’2iV'-- potassium chloride, which 
2' 219 volts, we obtain 0*18577 for the concentration of the 
jmtassium ion in 0'6i7-potassium oleate. 
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The value of T\ is considerably lower than that for the corre- 
sponding concentration of laurate; this would be expected, on 
account of the higher molecular weight of oleic acid. 

The concentration of K’ deduced by McBaiii, Laing, and 
Titley from conductivity and freezing-point data was O-lTiV, and 
the total concentration of crystalloid O'lDiV. 

The following table contains the concentrations of all the con- 
stituents of this solution. 


Table XI. 

K’. Oleate'. K oleate. Micelle. Neutral colloid. 

0-185 (0003) (0-002) 0-185 0-415 

There is thus considerably more colloid present in potassium 
oleate than in a corresponding concentration of potassium laurate, 
the amount of soap present as crystalloid in the former being prac- 
tically negligible. However, the sodium oleate contains even more 
neutral colloid than the potassium oleate, and only two -thirds as 
nmoh micelle and alkali ion. 

ITT. Sodium Palmitate at 90°, 

The values of TV and E work out at 29 mhos,, 0-41fV^, and 
29 millivolts respectively. The corrected electromotive force 
becomes 2’234 volts, and comparing this with the E.M,F. for 
0-2:V-podium chloride (2*261 volts), we obtain a concentration of 
sodium ion of O’dOA'^. 

The total concentration of crystalloid from osmotic data was 
0'52.V, and the concentration of Na* from conductivity 0’37iV^. 
From these figures we obtain the following concentrations of all 
the constituents of iV-sodinm palmitate. 

Table XIT, 

Crystalloid. Colloid. 

Na', Palmitate'. Na palmitate. Micelle, Neutral colloid, 

0-40N 0-07N 0-05N 0-33N PfO-55N 

The formula of the palmitate micelle, assuming that the whole 
of the neutral colloid is absorbed into the micelle, would he 

The concentration of sodium ion found from conductivity data 
was originally calculated hy assuming the ionic mobility of the 
^■icelle to be equal to that of the acetate ion. Now this is not 

0 true mobility of the micelle, but is an average value, made up 
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of tlie mobility of the micelle and of the ion. We can, however, 
calculate the true mobility of the micelle, using the relative con- 
centrations of micelle and ion recorded above. We then find the 
mobility of the micelle to be 139, which is the same as the mobility 
of the sodium ion. 


Conclusi<yrh. 

The results of these electromotive force determinations, both 
from direction and magnitude of the diffusion potential between 
soap and potassium chloride, as here interpreted (which could he 
explained in no other way), and further by comparison with known 
concentration of potassium and sodium chlorides, supports the 
theory of colloidal electrolytes advanced from this laboratory. 

The concentrations of sodium and potassium ions already 
deduced from a comparison of conductivity data and osmotic 
activity are confirmed by the direct measurements here presented 
for a selection of typical cases at 18° and 90°. Gelation (not form- 
ation of white curd) of sodium oleate does not influence the result? 
obtained. 

I wish to acknowledge grants from the Research Fund of the 
Chemical Society and from the Colston Society of the University 
of Bristol, which rendered it possible to carry out this work, which 
was commenced in 1914. 

My thanks are also due to Prof. J. W. McBaiu for the constant 
interest he has taken in my work. 

The Chemical Department, 

Univeesity of Betstol. \'Received, March 30/?i, 1920.] 


LYIJ . — Studies in Emulsions . Parti. A New MeiM 
of Determming the Inversion of Phases. 

By SiiANTi SwARUPA Bhatnagau. 

There are two methods generally in use of determining whether 
a given emulsion is one of “oil in water” or “water in nil, 
namely, the colour-indicator method due to Robertson, and the 
“drop-method” due to Briggs. The former has been found un- 
satisfactory by Newman {J. Physical Ohem,, 1914, 18 , 34), an 
it is also likely that the character and stability of an emuhian 
might be disturbed \)y the introduction into the system of an 
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organic substance like Sudan III, which is used in this method to 
colour the oil phase. 

further support for this conclusion is derived from tho observa- 
tion of Clowes (./. Fk^Mical Ckem., 1916, 20 , 445), who finds that 
orffaiiio substances have a very great effect on the size of globules 
in emulsions. The “drop-method” suffers a disadvantage on 
account of the fact that a single drop of an emulsion may not 
always represent the emulsion, whilst if a representative portion 
of an emulsion is shaken with a large quantity of oil or water, the 
temporary emulsion due to mechanical shaking may make it 
extremely difficult to determine the type. 

It is sometimes necessary to determine the critical point when 
one type of emulsion changes into the other. Besides the defects 
pointed out above, these methods completely fail to give a sharp 
indication of the critical point, and are therefore not quite con- 
venient for studying the effects of electrolytes and other sub- 
stances on emulsions. The method v/hich is now described is free 
from these defects and indicates the critical point very sharply, 
and is therefore very useful for studying the changes in the 
inversion point of emulsions by electrolytes and other chemical 
agents. Besides being a general method, it is found, as shown 
further, to facilitate the study of de^ emulsification and temporary 
emulsions. The emulsions can be tested by this method as a whole 
without treating separate portions by frequent removals of 
samples. 

The Method, 

The principle of the method is based on the fact that an 
emulsion of the oil-in-water type, especially when electrolytes are 
present, would have a much greater electrical conductivity than 
the other type when oil, an insulating medium, becomes the con- 
tinuous phase. Preliminary trials of this method were made with 
emulsions of olive oil (containing 0’5 per cent, of free oleic acid) 
and dilute aqueous potassium hydroxide solution, and the 
emulsions so formed were found to be distinctly of two types, one 
showing marked conductivity and the other very little. In a set 
of experiments in which the oil was gradually added to thci 
aqueous phase, it was found, as indicated in tables I and II, that 
the conductivity decreased in a regular manner according to the 
amount of oil added until a point was reached when any further 
addition of oil produced a sudden rapid rise in the resistance of 
the emulsion. This point must he the critical point. A sensitive 
lailliammeter was used to obtain a sharp indication of this point. 
Results obtained by this method were checked from time to time 
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by observations under the microscope, and were found to be in- 
variably correct. Some trials were also made on technical 
emulsions like margarine, and it was found that most of the 
samples examined showed very little conductivity. The distinct 
conductivity exhibited by some samples must he attributed to the 
fact that complete inversion had not taken place in these 
emulsions. 

Experimental. 

The emulsions were prepared in wide-mouthed bottles carefully 
cleaned with hot chromic acid and bailing water. One set of 
experiments was tried in which the aqueous phase was gradually 
added to the oil, and the other in which the oil was gradually 
added to the aqueous phase. Different strengths of different 
alkali hydroxides were tried. The bottles were shaken for a 
constant time after each addition in a powerful mechanical shaker, 
and the total time of shaking was also kept constant to ensure iden- 
tical conditions. Most of the experiments of Briggs, Robertson. 
Newman (loc. cit.), Donnan (ZeifRch. physikal. Chem., 1897, 31, 
42), and Clowes {loc. cit.) were repeated and their results examined 
by this method. 

The procedure was as follows. The emulsions in the bottle, 
after suitable shaking, were examined by inserting two clean 
platinum electrodes fixed at a constant distance, and a constant 
voltage was allowed to operate for a moment to see whether the 
needle of the ammeter showed that the emulsion was conducting. 
If it showed good conductivity, the emulsion was considered of 
the oil-in-water type; if not, of the reverse type. In order to 
examine emulsions in small quantities, or a particular portion or 
sample of emulsion, the bottle was replaced by a clean T-shaped 
glass container in which two platinum wires w^ere sealed. 


Results. 

Newman’s work throws douht on the question of inversion by 
mere dilution, as he was not able to prepare an emulsion of the 
water-in-oil type with sodium hydroxide and olive oil. Robertson 
and others claim to have obtained both types, Since Newmans 
objection to Robertson’s emulsion of the wat^r-in-oil type is based 
on the argument that the colour-indicator method is defective, sotne 
tests were made by the electrical method to decide whether both 
types of emulsions can be formed by sodium hydroxide or so 
oleate and olive oil. The results are indicated in the tables, 
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Table I. 

0-933A^/100'Potassium hydroxide: 25 c.c. used iu each experi- 
ment. 

Olive oil containing 0‘5 per cent, of oleic acid. 

Time for shaking, five minutes after each addition. 

Electrodes fixed, constant voltage. 


Olive oil. 

Readings of 
ammeter. 

Types. 

5 

130 

Oil in water (creams). 

10 

12-7 

15 

12*5 


20 

12-35 


26 

11-85 


30 

11-45 


60 

10-65 


66 

10-4 


80 

10-0 


85 

0-1 

Water in oil (thick) 

90 

— 

Jelly-like. 

100 

— 


Table II. 

Potassium hydroxide as in table I. 

Paraffin oil (B.P.) containing 0*5 per cent, of oleic acid. 
Other conditions the same as before. 


on. 

Readings on 


ammeter. 

Type. 

5 

13-2 

Oil in water. 

10 

13-0 


15 

12-7 


20 

12-8 


25 

12-6 


30 

12-3 


35 

12-0 


37 

11-8 


40 

11-7 


45 

11-3 


46 

0-1 

Water in oil. — 

Thus the electrical 

method shows 

that by increasing additions 


of oil to the alkali, a point (indicated by the arrow) is reached 
when the type changes, as is made evident by the sudden fall in 
the conductivity of the emulsion to practically zero. These falls 


are entirely different in their abruptness and suddenness from the 
fall due to the formation of emulsion or to the action of the alkali 
oa the oil. The graphs represent the changes going on before 
and at the time of inversion. It is found that the water-in-oii 
fype with kerosene oil is \’ery un. stable. The emulsion shows 
no conductivity for a minute or two, and then it gradually rises 
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until it indicates its previous conductivity. The drops of water, 
as they de-emulsify, are visible, and are seen to be constantly fall, 
ing to the bottom, until the emulsion undergoes complete 
disintegration. 

Effects of Bivalent Alkalis. 

Some experiments were tried in which solutions of barium and 
calcium hydroxides were used instead of sodium and potassium 
hydroxides. The results were very nearly the same as with uni- 
valent alkalis up to a certain concentration (about iV/500), and 
the formation of the type aj^peared to depend only on the ratio 
of the two phases. As the concentration was increased, however, 



I 5 c.c. of O’ 1866 -potassium hydroxide and paraifin oil (B.P.) 
n! 25 0 000933 A -potassium hydroxide and olive oil. 

III. 10 0’01866 JV-potossiura hydroxide and olive oil. 

IV 25 \\ 0 000933 -potassium hydroxide and kerosene oil. 

Oleic acid in each case, 0 5 per cent. 

it was found that the bivalent alkalis promoted the formation oi 
the water-in-oil type of emulsion, and univalent alkalis 
the reverse type, that is, in concentrations greater than A/o.« 
the electrolytic eSect predominates over the volumfvratio ellect o 
the two phases. These effects are dealt with more quantitatively 
later on. 

The Zone of Instuhility. 

It was found that the inversion point could he reached from 
both ends. The critical point was, however, reached in a cnwos 
fa.shion when small amounts of the aqueous solution were ac 
to large quantities of oil. A zone of instability made its 
ance, when the emulsion separated into three layers— the top o 
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showing nt> conductivity, the middle one showing slight con- 
dactivity, and the lower portion high conductivity. This zone of 
iustability does not appear when the critical point is reached by 
adding oil gradually in instalmente to largo quantities of the 
aqueous phase. 

The probable cause is that when there is present a large 
quantity of oil containing oleio acid, and the alkali is added in 
small quantities, the soap formed at the surface between the oil 
and aqueous solution covers the surface with a thick membrane. 
This does not dissolve completely in the small amount of water 
which is present. The surface ceases to be readily mobile, and 
the spreading out is retarded. Any further additions of the 
aqueous phase simply settle down under the action of gravity until 
a sufficient amount of water is accumulated to dissolve the soap 
membrane. The emulsion, when now shaken, does not divide into 
three layers. This explanation is further supported by the fact 
that if the additions of the aqueous phase are large enough, the 
zone of instability does not seem to make its appearance. 
Quincke also found that when much alkali is added to a little 
oleic acid there are obtained oleates more readily soluble in water 
than when small amounts of alkali are used with much oleic acid. 


StdhUity and Closest Packing. 

Waiter Ostwald’s theoretical considerations on the volumes of 
the phase ratio at the critical point have been considered to be 
faulty, as Pickering (T., 1907, 91, 2001) has been able to obtain 
emulsions of 99 per cent, of oil and 1 per cent, of water in which 
oil exists as drops and water as the continuous medium, yet 
Pickering himself notes that the phase ratios are in most cases in 
accordance with Walter Ostwald’s views of closest packing, and he 
considers the volume percentage of 74*04 per cent, to be of special 
significance. Hatschek {Tte'p. Brit. Assoc., 1918) also notes that 
all emulsions which separate on standing and have a thin, watery 
residue yield a stable cream in which oil and water are in the 
ratio of closest packing, and draws the conclusion that " stability 
13 not complete unless the volume ratios approach the figure 
corresponding to closest packing.” 

Robertson was able to emulsify 91-74 per cent, olive oil in 
9'26 per cent, alkali, but the strength of the latter was almost 
Ho observed that with decreasing strength of alkali, the 
cntical points were shifted near to- the point of closest packing. 
H he had tried still weaker alkalis and stabilised his emulsion by 
allowing the precautions suggested by Bonn an, and by adding 

X* 2 
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the phases in small instalments as advocated by Bancrcftj he 
would certainly have arrived at the ratio 74:26. 

The author finds that the volume percentage of 74 04 holds 
when the aqueous phase is very weakly alkaline (i\^/1000 — iY/500). 
With more concentrated alkalis, higher ratios can be obtained and 
Robertson’s results can generally be repeated. The emulsions 
prepared with concentrated alkalis break up and a stable cream 
separates, which again has the volume ratio 74:26. 

The phase ratios at the critical point with different strengths ol 
alkalis were found to be: 


Table IV. 


Amount of 

Amount of 
olive oil, 


Volume ratio 

alkali. 

0'5 per cent. 

Strength of 

at inversion 

C.c. 

C.c. 

alkali. 

point. 

25 

73-5 

0-933N/1000 

74 

:23 

20 

58*4 

0-933N/700 

74-5 : 25-6 

26 

72-7 

0-933N/500 

74-4 : 25-6 

20 

75-2 

0-9332^/100 

79 

: 21 

10 

88-9 

0-933N/50 

89 ; 11 


It appears that the volume ratio is disturbed on account of the 
solid or gelatinous film which may be formed round the enclosed 
particle when concentrated alkalis are used. This solid can 
further interfere by preventing the enclosed particles from 
coalescing and assuming any other size or shape. Further agita- 
tions, instead of making the globules more uniform, cause irregu- 
larities of shape. 

Homogeneous Emulsions of Equal Particles. 

Experiments were made in order to obtain bomogeneous 
emulsions of particles of uniform size, and, after a long and careful 
study, it was found possible to obtain an emulsion in which ino?t 
of the globules were equal spheres. It has been found that the 
best way to obtain an emulsion of this character is to select from 
a freshly prepared oil-in-water emulsion the cream which form? 
on standing undisturbed, and in which the volume ratios are dose 
to 74:26. Very small quantities, from 5 c.c, to 10 c.c., 
placed in a very carefully cleaned resistance-glass bottle aud 
vigorously shaken for several hours by a powerful shaking inadiiBC. 
Samples were examined from time to time under the microscope 
until the particles were found to be very small and of nearly equd 
size. It was possible to preserve this character of the emulsion 
peveral hours. It was found absolutely necessary to try 
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operations only on freshly prepared emulsions, as emulsions which 
^vere allowed to remain for a day did not give such satisfactory 
results. This may be due to the ageing of the soap film, which 
makes it harder and more like a solid. 

Three such homogeneous emulsions were prepared with different 
strengths of alkali, and measured quantities were decomposed by 
a drop of concentrated acid, and the volumes of the two phasei 
measured in the measuring tube. The values of these, calculated 
from the radii of the globules on the assumption of closest pack- 
ing and obtained practically, are tabulated in table V, and show a 
very fair agreement. 

Table V. 

Oil phase calculated from the equation for closest packing, 


4 J'2 Xj _ ^ where )• = radius of the Ldobulos. 

47r/3r® Oil pease 


Emulsion. 

Total 

volume. 

C.c. 

Strength of 
potassium 
hydroxide. 

Radii of 
uniform 
particles. 
Mm. 

Oil phase 
observed. 
C.c. 

Oil phase 
calculated. 

C.c. 

I. 

7 

0-933A/500 

0’0075 

5-09 

5-1 

IL 

5 

0‘933iV/700 

0-0070 

3-7 

3-69 

III. 

5 

0-933A'/1000 

0-0055 

3-6 

3-69 


The results indicate that a weaker alkali yields a homogeneous 
emulsion of smaller globules. The size of the globule seems to 
depend on the concentration of the alkali if the shaking is 
constant. More work is necessary to establish this, and no con- 
clusions can be drawn until sufficient data are available. It is 
intended to carry out further work on this important point by 
preparing larger quantities of homogeneous emulsions. 


Effects of Elect rohites on Emiihions. 

Clowes {loc. cit.) has demonstrated that suitably constituted 
emulsions of oil dispersed in w^ater can be transformed into the 
reverse type of emulsions by shaking with a sufficient amount of 
calcium chloride or other calcium salts. He obtained some 
quantitative data, but his results are not suflicienlly accurate on 
account of the method by which he studied inversion, A foreign 
substance like Sudan HI had to be added, and the quantity of 
tbe emulsion was sensibly affected by the frequent removal of 
drops for examination under the microscope. 

To ensure identical and comparable conditions, equal volumes 
paraffin oil (B.P.) and water were used in all the following 
experiments. The paraffin oil contained 1 per cent, of oleic acid, 
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1 per cent, stearic and linoleic acids being also used. Emulsions 
were prepared in the mechanical shaker by shaking together 
volumes of oil and water in which varying proportions of potassium 
hydroxide and electrolytes were added previous to emulsificatiou 
The volume of water and oil was always kept the same. A few 
reaulta are tabulated below, the details and fuller discussion heiu^ 
reserved for a later contribution. 

Table VI. 

Effect of potassium hydroxide and barium nitrate on the 
emulsion equilibrium, 

Volume of aqueous phase constant, 10 c.c. ; volume of oil, 10 c.c. 

Figures in the ammeter column; oil-in-water type. 

0— 1 = inversion point. 

0= water-in-oil type. Voltage constant. Electrodes fixed. 


Volume of Volume of K/SO-BafNOjls in c.c. 

M/50-KOH , - _ 


c.c. 

0-2 

0-4 

0-6 

0*8 

1*0 

1-2 

1*4 

1 

0—1 

0 

0 

0 

0 

0 

01 2 

2 

10-2 

0—1 

0 

0 

0 

0 

0 3Ei 

3 

11*2 

10-8 

0—1 

0 

0 

0 

0 Pp 

4 

12-1 

11*2 

10*7 

0—1 

0 

0 


5 

13-0 

12‘7 

11-8 

10'9 

0—1 

0 

O'?? 

6 

14-1 

13*0 

12*8 

171 

107 

0—1 

oj 5 


Table VII. 

Different Strength of the mme ’Electrolyte. 


Volume of Volume of M/lO-BafNOdz in c.c. 

M/IO-KOH . — ' 


c.c. 

0‘1 

0*25 

0-3 

0-4 

0*6 

0-8 

10 

1*5 


1 

121 

0—1 

0 

0 

0 

0 

0 

01 


2 

130 

12-7 

11-9 

11-0 

0 

0 

0 

0 

3 

13-9 

130 

12-3 

11*9 

11-0 

0-1 

0 


1 p 3 

4 

U-6 

13-7 

13*0 

12*1 

11-7 

— 

— 


5 

15-5 

14-7 

13-9 

13*0 

12-1 

11*9 

11*7 

o| 

|<w a 

6 

16*3 

153 

14*8 

14-0 

13*0 

120 

11*7 

0-lJ 

1 0 


Table VIII. 

TAnoleic Acid suhstituted in Place of OUic Add in Oil. 

Volume of 
jtf/lO-KOH 
c.c, 

1 
2 

3 

4 

5 

6 

Other conditions as in tables VI and VII. 


Volume of ilf/ 10 -Ba(N 03)2 m c.c. 

0-1 0-25 0-3 . 0-4 0 6 0 8 1-0 1-5 

12*1 0—1 0 0 0 0 0 0 1 g 

13-1 0—1 0 0 0 0 0 ft 

13- 9 13'0 12*8 0—1 0 0 0 0 1|§ 

14- 2 13-1 12*8 11-9 0 0 0 0 (gs 

15*3 14-8 13-2 12-9 0—1 0 0 0 ^1 

16-3 15*9 14-1 13*4 12*5 0—1 0 0 j S 
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Clowes {loc. cit.) finds that emulsions of oil in water are pro- 
duced whenever there are more than four molecules of sodium 
liydroxide to one of calcium chloride, emulsions of water-in -oil 
tvpe whenever there are less than four molecules of the former to 
one of the latter, whilst at those points at which the ratio of 
sodium hydroxide to calcium chloride is exactly 4:1, neither type 
of emulsion predominates. The results indicated in tables VI or 
Vn and VIII show that the ratio of potassium hydroxide to 
barium nitrate is exactly 4:1 in concentrations ranging from 
l//iO-potassium hydroxide upwards. In lower concentrations fShe 
ratio is increased; for example, at 4// 50 -potassium hydroxide it is 
about- 5 ; 1- Even the acid in oil appears to have some effect on the 
inversion point; for example, in table VIII, when linoleic acid is 
substituted for oleic acid, the ratio between potassium hydroxide 
and barium nitrate molecules is as 2:1. Employing this method, 
it will be easy to obtain much information on the effects of electro- 
Ivtes on emulsion equilibrium in different concentrations and with 
different fatty adds. 

These are effects the study of which is of great importance for 
a (general theory of emulsification. 

When de-emulsification takes place, the two phases separate and 
do not form an emulsion. De-emulsification is not easily and 
immediately detected by the eye, or by the methods of identifica- 
tion previously known. The electrical method is capable of 
indicating at once whether de-emulsification or coagulation has 
set in. If, on adding oil to an emulsion, it is found that the con- 
ductivity is increasing instead of decreasing, it is clear that the 
process of emulsification has stopped and the oil and the aqueous 
phase are separating, that is, de-eiriu 1 si fi cation has set in. 

Further work on the effects of electrolytes on the emulsion 
equilibrium and the physical properties of emulsion is in progress. 


Summary, 

(1) A new method for the determination of inversion of phases 
and the identification of the two types of emulsion is described. 

(2) Quantitative data on the effects of a few electrolytes on 
emulsion equilibrium have been obtained. 

(3) The inversion point has been accurately determined with 
various oils and alkalis. 

(4) It has been established that both types of emulsion are 
formed by sodium hydroxide and olive oil, and by sodium 
^'droxide and paraffin oil. 
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(5) Homogeneous emulsions have been obtained, and the equa- 
tion for closest packing appears to hold in them. 

(6) The effect of different fatty acids on the emulsion equilibrium 
is indicated in passing, details being reserved for a later contri- 
bution. 

(7) It is shown that with weak alkali hydroxides the conditions 
governing the formation of type are dependent only on the phase 
ratio, and the special nature of the emulsifying agent exerts an 
eff^t only in high concentrations. 

The author has pleasure in thanking Prof, F. G. Dounan for 
suggesting this research, and for his valuable guidance and kindly 
interest throughout the work. His thanks are also due to Mr 
Higson for measuring the size of particles in homogeneou? 
emulsions. 

Physico-Chemical Laboratory, 

University College, London. [Received, April \5th, H>20.] 


LVIIL — The Decomposition of Nitric Esters hy Lime. 

By Thomas Martin Lowry, Kendall Colin Browning, and 
Joshua William Farmery. 

Earlier Work on the Decovijmsition of Nitric Esters. 

The decomposition of nitric esters by water, acids, and alkalis ha? 
been investigated by many workers. 

(а) Van Kerckhoff and Reuter (/. pr. Vhem., 1847, 40 , 26:1 1 
studied the decomposition of “pyroxylin’' or nitrocellulose by 
steam at 100°, and obtained as a principal product a “typhoxyliu" 
or “cellulose dinitrate” containing 6' 66 per cent, of nitrogen; 
they also record the separation of a lead salt, which was almo?t 
certainly identical with the lead hydroxypyruvate prepared hy a 
similar method and described in detail by Will forty-four years 
later {Ber., 1891, 24 , 401); by heating pyroxylin with potassium 
hydroxide at 60°, potassium nitrate, potassium nitrite, and ^ sugar 
were formed. 

(б) The production of potassium acetate and potassium formate, 
together with potassium nitrate and potassium nitrite in the ratio 
KN03:2KN02, was recorded by Hay (Mon. Sci., 1873, [iii], 
424), who accounted for the fact that five molecules of potassini^^ 
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jiydraxide were required for the decomposition of one molecule of 
nitroglycerin by putting forward the equation 

C3HAN3 + 5 KOH - KNOg + 2KNO2 + CHg-CO^K 4 - 

H-COgK + SHsO. 

^c) Berth elot (ComjH. rend., 1900, 131, 519) described the pro- 
duction of polymerisation-products of aldehyde by the action of 
solid potassium hydroxide on ethyl nitrate, and put forward (only 
to reject it in favour of an alternative view) the suggestion that 
the formation of nitrites in the action of potassium hydroxide on 
nitroglycerin might be due to a decomposition of the nitric ester 
into glyceraldehyde, as shown in the equation 

^3115(^^3)3 “t 3 KOH — CgHgOg-j- 2KNO3 KNOo -1- 

(^7) Silberrad and Farmer (T., 1906, 89, 1182, 1759) also detected 
acetic and formic acids, with nitric and nitrous acids, amongst the 
}3roducts of decomposition of 100 kilograms of nitrocellulose which 
had been stored at 54° during a period of twenty-three weeks; in 
addition, they proved the presence of ethyl nitrate, ethyl nitrite, 
and alcohol (perhaps derived from the alcohol-ether mixture used 
as a solvent in gelatinising the iiitrocelhilose), of butyric, dihydr- 
oxyhutyric, oxalic, tartaric, and wosaccharic acids, and of a 
fermentable sugar, but they did not find either glycerol or cellulose 
amongst the products of decomposition of cordite by water or in 
presence of alkalis. 

{e) Berl and Delpy {Ber., 1910, 43, 1421), by the action of 
alcoholic potassium hydroxide on nitroglycerin, obtained a glyceryl 
aa^-dinitrate, but were unable to detect either the mononitrate or 
glycerol itself. 

(/) Klason and Carlson (Ber., 1906, 39, 2752), by the action of 
alcoholic sodium hydroxide on nitroglycerin in the presence of 
phenyl mercaptan, were able to recover glycerol, the mercaptan 
being oxidised to phenyl disulphide; by tlie same method they 
obtained from nitrocellulose a sample of cellulose of correct com- 
position and free from nitrogen, whilst under similar conditions, 
ethyl nitrate gave the nitrate and nitrite of the alkali, but no 
trace of polymerised aldehyde. These observations are in line 
^'hli the well-known fact that glycerol can be recovered from 
nitroglycerin by the action of sodium sulphide. A similar action 
to that of phenyl mercaptan is observed when hydrogen peroxide 
IS added to the mixture (Carlson, Ber., 1907, 40, 4191); the 
ndrogeii peroxide acts here as a reducing agent, just as it does 
towards potassium permanganate, and gaseous oxygen is liberated 
^ by-product, 
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Prcxlnets of Decom27osition of Cordite hy lime. 

During the early months of 1919, the authors “t f tad 
an opportunity of examining the product obtained by the demm. 
position of oorfite by means of lime in the presence of pyndme. 
The use of pyridine as a catalyst in this action ^as disco^red by 
Prof Hodgkinson. and no other substance is known which iseqnally 
eSective in promoting the controlled decomposition of cordite. 
The product I a brown sludge, which can be dried in thin layers 
on a hot filate to a hard, brittle, porous mass resembling ginger- 
biscuits, Drying on a large scale is more difficult but when t e 
sludge is evaporated at a low temperature until it contains only 
about 17 per cent, of water, it solidifies on cooling, probaUy owing 
to the crystallisation of calcium nitrate m the form of the tetra- 
hydrate, Ca(NO,lo.4H,0, or the basic compound, 
Ca(N03)„Ca0,3H20 

(Bassett and Taylor. T., 1914, 105, 1926); after casting, the solid 
product will dry spontaneously in a warm atmosphere, and can 
then be powdered without difficulty. 

In addition to ammonia and the oxides of nitrogen which es»pe 
during the decomposition, the following products hare been 

detected in the sludge : 

(a\ "Cellulose Trinitrate. "-ANhen a half-decomposed cordite 
slu^e is extracted with water and acid, and the dried residue is 
warded with 95 per cent, alcohol and filtered, the^ » 

water to the alcoholic solution causes the precipitation of a 
yellowish-white, viscid precipitate, which contains N = 9-6 per jt 
Ld is highly inflammable. A similar substance h^ been de enhed 
tv Angel (Atti «. -4o«.7, Lirrcei, 1919, [v], 28, i, 20), wl 
latned it by the addition of water to a solution of g-in-^tta 
in pyridine (Impare also Berl and Fodor, 
u. Fprengstoffw., 1910, 5, 254, 269). The formula CieH, ,0,(^0, la 

?ttrJe.”-Analysis by the 

method of black charred rods iL 

thirty-three hours’ treatment with an insufficien supp y 
!howId the presence of 6 7 per cent, of nitrogen as comp« Jitl 
12-2 per cent, in the original nitrocellulose. The compMi 
hi rLdne agrees in a reSiarkahle way with the figure obtmn 
van Kerckhoff and Eenter (loe. rib) The l-vcentage of mtro, 
required for the formula Ci.,Hi 808 (N 03 )., 

From these observations, it appears probable fct t 
cellulose, which contains ongmally four or five ^ ^ 

every twelve carbon atoms, is hydrolysed in successive stages 
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compounds containing three and two nitro-groups, but that after 
this point has been reached, the molecule decomposes completely. 

(c) Glycerol. — Prof. Hodgkinson had already shown that 
trlycerol could not be extracted as a by-product from the residues 
obtained from the decomposition of cordite by lime and pyridine. 
Careful tests for the presence of glycerol were, however, carried 
out in order to ascertain whether the toxicity to plants, which 
pr. Russell reported in some of the earlier products, might not 
be due to the presence of glycerol in quantities insufficient for 
commercial recovery. A highly toxic solution obtafced after 
forty-eight hours’ treatment was found to contain no glycerol, and 
its toxicity was traced to the hydroxypyruvic acid which it con- 
tained (see below). A similar negative result was obtained on 
examining a sludge which had been heated during a period of only 
ten hours, at which stage practically all the nitroglycerin had dis- 
appeared, whilst most of the nitrocellulose was left un attacked in 
the form of brittle, porous rods. 

In order to determine whether glycerol could be detected 
amoimst the earliest products of decomposition, a special batch of 
sludge was prepared by heating, for one hour only at 95“^ to 100°, 
450 grams of cordite clippings with the usual proportion of quick- 
lime (225 grams), but using a very large excess of pyridine, namely, 
4 litres of a 5 per cent, solution, that is, 44 per cent, of pyridine 
on the weight of cordite used instead of the usual proportion of 
0'5 per cent. The decomposition was extremely rapid and com- 
plete; no traces of cordite could be seen at the end of one hour, 
and it was estimated that the action had proceeded at least as far 
as in twenty-four hours of treatment under ordinary conditions. 
The filtrate from this sludge was tested for glycerol, and traces of 
this compound were detected by the following tests: 

(i) A drop of phenolphthalein was added to a 5 per cent, solu- 
tion of borax ; on adding the suspected liquid, the red colour was 
discharged, and, on boiling, it partly returned. 

(ii) On heating the dry residue with potassium hydrogen 
sulphate, the choking odour of acrolein was noticed. 

(Hi) On heating with alkaline potassium permanganate, a partial 
reduction occurred, 

{d) Calcium Nitrate and Nitrite . — A sample of sludge prepared 
by a similar method from 900 grams of cordite (with 22 per cent, 
of its weight of pyridine), after one hour’s heating, gave for the 
first time an excellent yield of colourless, crystalline calcium 
mtrate. It is therefore possible that the action of pyridine on 
wdite differs from that of alkalis and of lime in giving an appreci- 
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able quantity of tbe products of direct hydrolysis, namely, glycerol 
and nitrates, and a much smaller proportion both of nitrites and 
of oxidised organic compounds ; in other words, the decomposition 
by pyridine may perhaps be compared with that effected by alkali 
sulphides rather than by alkali hydroxides or by lime. The 
presence of nitrites is shown by the invariable liberation of oxide? 
of nitrogen on acidifying the sludge. 

(e) Oxalic Acid. The fraction of the calcium salts which was 

soluble in hot dilute nitric acid, hut insoluble in acetic acid, gave, 
after prolonged purification, a crystalline specimen of oxalic acid. 
A quantitative test by oxidation with potassium permanganate 
indicated that the calcium salts insoluble in acetic acid contained 
62 per cent, of calcium oxalate. 

(/) Formic and Acetic . 4 6'7>/.s.— Qualitative tests for these two 
acids gave in each case a positive result in only one of the tests 
applied, the other tests giving negative results. It is therefore 
clear that they can only have been present in very minute propor- 
tions, and that Hay’s equations represent only a very minor part 
of the particular decomposition which we have studied. 

(ff) Kydroxijfyriivic Acid, HO- CH.-CO-COJI.— After calcinm 
oxalate and calcium nitrate and nitrite, the calcium salt of thi? 
acid appears to he the most important product of decomposition. 
Will prepared it by the decomposition of nitrocellulose, and it docs 
not appear to have been described as a separate product of decom- 
position from nitroglycerin ; on the other hand, the fact that it 
appears at a very early stage in the decomposition of cordite by 
lime and pyridine, and tends to disappear during the latter part 
of the decomposition, suggests that in this action it may be derived, 
at least in part, from nitroglycerin, to which it can be related by 
very simple equations. 

Hydroxypyruvic acid was found to be present in every case in 
which the products of decomposition of cordite were reported as 
having a toxic action on plants, and a specimen of the calcium 
salt sent to Rothamsted for trial was reported as being extremely 
toxic. The presence of the acid was confirmed by preparing the 
osazone. 

(A) ^■^-Bih.ydro.ryhiityric Acid.- residue from the pre 

paration of the osazone, after removing the excess of pbenjl- 
hydrazine by extraction with ether, can be re-precipitated as a 
lead salt and then converted into a calcium salt. This has the 
properties of the calcium salt of dihydroxyhutyric acid (Silherrad 
and Farmer, loc. citl), that is, the calcinm salt is soluble, hut gh^ 
an insoluble lead salt and does not yield an osazone; unlike t e 
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hydroxypynivate, this calcium salt was proved not to be toxic to 
plants. 

The two calcium salts described under (g) and (h), instead of 
appearing as mere traces, like the formate and acetate, are often 
formed in considerable quantities, and in one experiment alone a 
test-tube full of the mixed lead salts was separated. 


DecoiJiposition of Nitric Esters not a Simple Hydrolysis. 

The object of bringing forward these observations ^ and com* 
paring them with earlier work on the same subject is to direct 
attention to the wide divergence between the experimental facts 
and the traditional theory in which the decomposition of nitric 
enters hy alkalis is described as if it were a normal case of the 
hydrolysis of an ester complicated only by secondary processes of 
oxidation and reduction of the primary products. 

The absence of glycerol as a product of decomposition of cordite 
is specifically referred to by Silberrad and Farmer, who made 
experiments under a variety of conditions, and also by Berl and 
Delpy in their study of the action of alcoholic potassium hydroxide 
on nitroglycerin. Prof. Hodgkinson also noticed at a very early 
Deriod of his experiments that glycerol cannot be recovered as a 
product of the decomposition of cordite by lime in the presence 
of a small proportion of pyridine. Our own experiments fully 
coiiiirm this conclusion, and a recent French patent, in which it 
was claimed that glycerol as well as sodium nitrate could be 
recovered from the products of the action of sodium hydroxide on 
mixtures of nitrocellulose and nitroglycerin “by the ordinary 
methods of the soap-manufacturer,” was based on experiments with 
nitrocellulose powders only, and must he regarded as evidence 
rather of the optimism of the inventor than of the actual behaviour 
of nitroglycerin towards sodium hydroxide. The general experi- 
ence seems to be that, in the absence of a reducing agent, glycerol 
is not regenerated. 

This anomalous behaviour of nitroglycerin is repeated in nitro- 
cellulose, which does not give any cellulose when decomposed by 
water or by alkalis (Silberrad and Farmer), as well as in simpler 
compounds, such as ethyl nitrate. 

In order to account for this anomaly, whilst maintaining the 
view that the fundamental action is a hydrolysis or saponification 
of the normal type, a number of hypothetical reactions have been 
postulated. Thus, Silberrad and Farmer found it “somewhat 
surprising that no unchanged cellulose or glycerol should he 
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regenerated on hydrolysis, for if nitric acid is brought into contact 
with cellulose or glycerol in the concentrations whi^ come into 
consideration in the hydrolysis, no oxidation occurs/’^ They were 
therefore driven to the conclusion “ that the nitric acid whicb has 
just been set free from the nitric ester is in a more active condition 
than nitric acid in its ordinary form. 

In a similar way, Hay explained the production of potassium 
nitrate, nitrite, acetate, and formate by the action of potassium 
hydroxide on nitroglycerin as due to three consecutive actions, the 
second of which (a decomposition of glycerol by potassium hydr- 
oxide) is purely hypothetical, thus: 

(i) A primary, hydrolysis producing glycerol and potassium 

nitrate according to the equation 

C3H,(N03)3 h- 3K0H - C 3 H 8 O 3 + 3 KNO 3 . 

(ii) A hypothetical action, whereby the glycerol was converted 
by the action of the alkali hydroxide into potassium acetate and 
formate, together with water and ‘'nascent hydrogen,” 

CgHgOg + 2K0H - CHs’COgK: + + H 2 O + 4H, 

using up two additional equivalents of potassium hydroxide (above 
those required for hydrolysis), as observed in his experiments. 

(iii) A reduction by the nascent hydrogen of two-thirds of the 
potassium nitrate already produced, 

2KNO3 + 4 n - 2KNO2 + 2H2O. 


Altern<itk& Explanations of the Decampositio-n of Nitric Esten. 

(a) As an alternative to the hypothetical “hydrolysis” repre- 
sented by the equation 

H'CH2*0'N02 + ICOH =R'CIl 2 *OH + KNO 3 , 

Vignon and Maquenne {Ann. GUm. Phys,, 1891, [vi], 24, pi 
have assumed the intermediate formation and decomposition of an 
isomeric nitrite, R-CH(0H)*0-N0, which, by direct hydrolysi^ 
would give rise to nitrous acid and a dihydroxy- (or carbotiy) 
compound, so that, for instance, the conversion of nitrotarUnc 
acid into dihydroxytartaric acid may be represented by the folloi^ 
ing scheme: 

HO-tjJfl-COjH 
HO-CH-COgH 

^^■°>C-C05H 


NOj-O-CH-COjH 

NOj-O'CH-CO^H 


HO- 

Hi 




CO,H 


HO 

HO- 


>a.C0jH 
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This hypothesis has the disadvantage that no evidence has been 
produced of the concrete existence of the isomeric nitrite, and on 
many grounds we prefer the alternative views set out under (6) 
and (fj) below. The paper is, however, important on account of 
the clear recognition by the authors of the fact that the decom- 
position of a nitric ester by an alkali may yield a ketone and a 
nitrite, instead of giving an alcohol and a nitrate as the primary 
products of decomposition. 

(h) This alternative hypothesis was put forward in its simplest 
possible form in 1900 by Berthelot, who suggested that the decom- 
position of a nitric ester may proceed according to the equation 
R-CH2'0*N02 + NaOII = R-CHO + NaNO^-f HgO, 
ill place of the traditional equation 

R-CHo'O-NO. -F NaOH - R-CH.-OH -h NaNOa. 

Our own experiments, confirming as they do the observations of 
earlier workers, indicate that Berthelot’s equation actually repre- 
sents the main course of the decomposition; indications of a real 
hydrolysis are apparently confined to the production, as by-pro- 
ducts, of partly hydrolysed compounds, such as Berl and Delpy’s 
dinitrate and the lower cellulose nitrates describe<l in the early 
part of the present paper. 

(c) An elaboration of Bertlielot’s view was put forward a few 
years later by Klasou and Carlson (Joe. cit.), who suggested that 
the primary products are not the alcohol and a nitrate, thus : 

CaH.-O-NOo + KOH - + KNOg, 

but an alcohol-peroxide and a nitrite, 

+ KOH- C.Hs'O-OII -{- KNOo. 

In the ordinary course of events, the peroxide will decompose into 
ail aldehyde and water, 

CHg-CHa-O^On - CHs-CHO -h H.O ; 
but when a reducing agent, such as phenyl mercaptan, is present, 
the peroxide is reduced to the alcohol and the mercaptan is oxidised 
to phenyl disulphide, 

CH,«CHo-0*OH + 2C6H5-SH=CH3*CH2‘OH-f HgO i 
Ill the same way, v/hen hydrogen peroxide is present, the peroxide 
uiay be reduced to the alcohol, as shown in the equation 
CHg-CHg-O-OH -h II2O2 = CHs’CIVOII + Tl^O + 0 ^. 

W If it be assumed that the primary decomposition of a nitric 
ester yields either a peroxide or an aldehyde, together with a 
nitrite, instead of an alcohol and a nitrate, it is easy to account 
lor many of the products which have actually been obtained by 
t e decomposition. Thus, in the case of nitroglycerin, complete 
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decomposition on these lines would give rise to a compound cuu- 
taining three carhonyl groups: 

C 3 H 5 (N 03 ) 3 =CH 0 'C 0 -CH 0 + 3HN02. 

From this intermediate compound, mesoxalio acid, reported by 
Berl and Delpy as a product of "hydrolysis” of nitroglycerin by 
alcoholic potassium hydroxide, could be produced by the nomial 
oxidation of an aldehyde to an acid, 

CO(CHO), + C0(C02H)2 ; 

the further oxidation of mesoxalic acid would yield oxalic acid, a 
principal product of decomposition in the case which we have 
studied Hydroxypyruvic acid (the formation of which has, how- 
ever been recorded only in the case of nitrocellulose and of cordite, 
and ’not from pure nitroglycerin) could be produced by a mere 
addition of the elements of water to the intermediate product 
formulated above: 

CO(CHO)-j + H^O = HO-CHg-CO-COaH . 

(e) In our experiments, the decomposition of nitroglycerin into 
acetic and formic acids takes place only to a very minuU extent. 
The formation of traces of fonnio acid from the oxidised com- 
pounds set out above can be explained readily, but the production 
of acetic acid is a far more startling type of decomposition, since 
the formation of the methyl group in acetic acid necessarily 
involves a process of reduction in a medium in which the condi- 
tions appear to favour the oxidation rather than reduction of the 
organic constituents. It is conceivable that acetic acid and forinic 
acid may be produced by the decomposition of pyruvic acid, formed 
by reduction from hydroxypyruvic acid, 

CHg-CO-CO.H + 2KOH - CHj-COoK + H’CO.K + H 2 O. 

There is, however, more evidence for the decomposition of this ad 
into acetaldehyde and carbon dioxide, 

CH3’C0-C0.,H = CHg-COH -t CO., 
a change which has been postulated as an essential stage m 
alcoholic fermentation. In any case, the simultaneous oxidatw 
and reduction which leads to the conversion of dextrose into car 
dioxide and alcohol 6nds strong analogies in the ” 

only in the case of acetic acid, but also of butyric and dihy ■, 
butyric acids as products of the decomposiliou of mtrwHulo-^ 
since both of these acids agree with acetic acid in contamm, 
fully-reducpd methyl or methylene group. 
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Swmaary. 

(1) Hyt^rolysis or saponification of the normal type is not the 
predominant action when cordite is decomposed by lime in the 
presence of pyridine. 

(2) Traces of glycerol were detected only when a very large 
excess of pyridine was used; these conditions were also the only 
ones in which a cle2Ln, crystalline calcium nitrate was obtained. 
Xhe calcium salt of hydroxypyruvic acid is^ however, an important 
product of the action. 

(3) Two partly denitrated celluloses, corresponding .approxim- 
ately with the formulae Ci2Hi808(N03)2 and Ci2Hj,07(N03)j, were 
obtained as by-products of incomplete decomposition, bub no 
cellulose was obtained when the decomposition was carried to 
completion . 

(4) It is therefore suggested that the main action is a decom- 
position of the nitric ester into a ketone or aldehyde and a nitrite, 
nstead of a hydrolysis to an alcohol and nitric acid. 

Guy’s Hospital, 

London, S.E. [fJcceiwed, F thruary 23rtf, 1920.] 


LIX . — Note on the Constituents of Morinda 
citri folia. 

By John Lionel Simonsen. 

Although a number of investigations have been made of the con- 
■tituents of Morinda citrifolia (compare T., 1918, 113 , 766), parti- 
:iilarly by Oesterle, alone or in conjunction with Tisza (Arc/i. 
'-’harm,, 1907, 245 , 287, 534; 1908, 246 , 150), no detailed exam- 
nation of the root-bark of this species comparable with those con- 
lucted by Perkin and Hummel (T., 1894, 65 , 851) on M, uvihellata 
uid by Barrowclilf and Tutin on M. longiflora (T., 1907, 91 , 1909) 
ms yet been made, and the author has thought it desirable to under- 
a.ke this work. 

It is necessary here to draw attention to a curious error in 
larrowcliff and Tutiii’s communication. The bydroxymethoxy- 
^mthylanthraquinone, melting at 290^, isolated by them, which 
-mlded an acetyl derivative melting at 173°, is nob, as they state,’ 
ierived from 1 : 3-dihydroxy-2-methylanthraquinone, but is the 
^onomethyl ether of rubiadin, since on hydrolysis it yielded a 
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dihydroxymethylanthraquinone, melting at 290°, which gave an 
acetyl derivative melting at 225° (compare Schunck and Marchlev:- 
ski T., 1B94, 65, 182). 1 : 3-D ihy dr oxy-2-methylanthraqui none also 
melts at 290°, but yields an acetyl derivative melUng at 217-^218^. 
It follows, therefore, that the hydroxymethoxymethylanthraqninone 

obUiued bv Barrowcliff and Tutin must be represented by either 
formula I or TI, whilst the so-called 1 : 3-dimethoxy-2-methylantliTa- 
quinone is rubiadin dimethyl ether, 1 : 3-dimethoxy-4-methylantlira. 


(I.) (H.) 

The material available for investigation was the residue remain- 
ing after the extraction of morindin (T., 1918, 113, 766). 

Only two substances, namely, rubiadin monomethyl ether and 
alizarin a-methyl ether, could be isolated from the complex mixhm 
which contained much resinous matter. The rubiadin monamethyl 
ether was identical with the substance isolated by Barrowcliff and 
Tutin from M. Ion cf) flora, and so far as the author is aware tb? 
substance has not been obtained from any other source. Alizarm 
a methyl ether was first isolated by Perkin and Hummel (T., 1893, 
63 1174 )’ from Ohltnlandia innhe.Uata, and subsequently prepared 
synthetically by Oesch and Perkin (P., 1914, 30, 213), whilst 
Barrowclifi and Tutin obtained it from M. longiflora. 

The identity of the constituents of the rooi>bark of two plants 
closely related as M. citrifolia and 3/. longiflora is of considerable 
interest, It is possible that the latter might at some period of its 
growth contain morindin, since the quantity of this glucosiae 
appears to vary with the age of the bark. Thus the author has 
recently examined a specimen of M. umheUafa which was quite rree 
from colouring matter. 





CO OMe 


rn nTT 



Experimental. 

The material used for investigation was obtained by the aciffl® 
tion of the cold and hot water extracts of the sparing y s 
barium salt of morindin (compare Perkin and Hummel, oc- 
p. 858). The amorphous, yellow precipitates obtained in • 
were examined separately, but as the constituents 
identical, except that the product precipitated from the o 
extract contained a large quantity of uncrystallisable 
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matter, it is only necessary to describe in det-ail the investigation of 
the products isolated from the cold water extract. 

Xhe deep red aqueous solution of the barium salt was acidified 
with dilute hydrochloric acid, the solution boiled, and the floccu- 
lent, yellow precipitate allowed to settle, collected, and drained. 
After finely grinding and sifting, it was extracted with ether.* 
The ethereal extract was concentrated when, on keeping, a small 
quantity of a yellow solid (^4) separated. This was collected, and 
the filtrate evaporated to dryness. The semi-solid residue was dis- 
solved in the minimum quantity of hot methyl alcohol and allowed 
to remain for some days, when a yellow solid (5) was slowly 
deposited. This was collected, atid the filtrate {C) reserved for 
further investigation (see below). 

The yellow, semi-crystalline substances, A. and B, which melted 
indefinitely at about 210 °, were mixed and repeatedly crystallised 
first from alcohol and finally from acetic acid. In this manner 
ffolden-yellow needles were obtained which melted at 291° (O' 1021 
gave 0-2672 CO .2 and 0'0414 H. 2 O. C-7r4; H = 4-5. 

requires C = 71'6; H = 4'5 per cent.). 

This substance was clearly identical with the hydroxymethoxy- 
methylanthraquinone (rubiadin monomethyl ether) described by 
Barrow cliff and Tutin (loc, cit., p. 1912), who give the melting point 
a? 290°. This was confirmed by the preparation of the acetyl deriv- 
ative, which separated from ethyl acetate in long, yellow needles 
melting at 174° (Barrowcliff and Tutin give 173°). For analysis it 
was dried at 110° (O'll gave 0'282 CO^ and 0'0444 HgO. C = 69'9j 
H=4-5. CJ 8 H 14 O 5 requires C = 69*7; H = 4'5 per cent.). 

For the conversion of the rubiadin monomethyl ether into rubia- 
din the following method was found to yield the most satisfactory 
results. The ether (0*5 gram) was mixed with concentrated hydro- 
chloric acid (5 c.c.) and heated for two hours in a sealed tube at 
140 — 150°. The crude product was collected, and boiled with an 
aqueous solution of barium hydroxide, when the sparingly soluble 
barium salt of rubiadin separated. This was decomposed with 
dilute hydrochloric acid, and the rubiadin purified by crystallisa- 
fion from alcohol, when it was obtained in needles melting at 290° 
aucl yielding an acetyl derivative which separated from ethyl 
acetate in fine, yellow needles melting, as stated by Schunck and 
Marchlewski (loc, cit,, p. 184), at 225°. 

The methyl-alcoholic filtrate ((7), from which the rubiadin methyl 
ether had been separated, was evaporated to dryness, and the red, 
resinous residue acetylated by boiling with acetic anhydride contain- 

The residue consisted of resinous matter from which nothing crystalline 
could be isolated. 



564 


SIMONSBK : SYNTHESES WITH THE AID OE 


ing a drop of pyridine. After removing the acetic anhydride, the 
crude acetyl derivative was triturated with much ether, when a 
quantity of a yellow solid remained undissolved. This wag sepa- 
rated, the ethereal solution, after washing with sodium carbonate 
solution which removed a little resinous matter, concentrated and 
allowed to remain, when a further quantity of a yellow solid was 
deposited. This was collected and mixed with the yellow solid men- 
tioned above. The filtrate on further concentration yielded only 
resinous substances, from which nothing crystalline could be 
isolated. 

The yellow acetyl derivative was purified by repeated crystallisa- 
tion, first from alcohol, and finally from ethyl acetate, when it was 
obtained in silky, yellow needles melting at 209 — 210°, and evi- 
dently consisted of the acetyl derivative of alizarin monom ethyl 
ether (Perkin and Hummel, T-, 1893, 63, 1174; Barrow cliff and 
Turin, Joe, at., p. 1914) (Found, C = 69-l.; C,-Hp0-, 

requires C — 68'9; H = 4'0 per cent.). 

On hydrolysis the acetyl derivative yielded alizarin a-methyl 
ether, which melted at 177 —178°, and the latter when boiled with 
an aqueous solution of barium hydroxide gave alizarin, which was 
recognised by the usual testa. 


The author wishes to thank Mr. M. Gopal Rau for his assistance, 

Forest Research Institute and CoiA^EaE, 

Dehra Dun, India. [deceived April 9ilh, 1020.] 


LX . — Syntheses with the Aid of 31 onochloromeihijl 
Ether. Part IV. The Condensation of Ethyl 
Benzyl Sodiomalonate and Monochloromethyl 

Ether, 

By John Lionel Simonsen. 

The conversion of substituted ethyl benzyl acetates into derivative' 
of hydrin dene takes place with comparative ease. Thus, Mitchell 
and Thorpe (T., 1910, 97 , 2263) have shown that ethyl o-cyanc- 
benzylmalouate (I), when warmed with a trace of sodium ethoxide 
in alcoholic solution, is converted quantitatively into ethyl l-imino- 
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hvdriadene-2-carboxyla.te (II), which, on treatment- with hydro-, 
chloric acid, yields ethyl l-hydrindone-2-carboxylate (III). 


W^CH2-CH(C02Et)2 

(I-) 


0eH,<™2>CH- 


-CH,- 
(II.) 


CO.Et 


CeH,<°°'>CH-CO,Eb 

(III). 


It appeared to the author to be a matter of some interest to 
iivestigate the properties of tthyl henzylmethoxymeihylmalmatc 
IV), since it seemed possible that this ester might on hydrolysis 
ose methyl alcohol, with the formation of hydrindene-2-carboxylic 
icid (V). 


H MeO-CH^ 

qCOaEt)^ 

(IV.) 


C6U,<™«>C!H-C0,H 

(V.) 


The required ester was readily obtained in an excellent yield by 
;lie condensation of ethyl benzylsodiomalonate and monochloro- 
iiethyl ether. On hydrolysis with alcoholic potassium hydroxide, 
t gave henzylmetlioxy7aeth'ylmal.onic acid, which decomposed at 
160—162°, with the formation of ^-'phenyl-a-meihoxymethyl- 
imponic acid. All attempts to convert the m ethoxy- acid into the 
hydrindenecarboxylic acid were unsuccessful. When heated with 
ioucentrated hydrochloric acid, a-henzylacrylic acid was O'btained, 
ind the same acid was formed when ethyl ben zylmethoxy methyl - 
tiialonate or benzylmethoxymethylmalonic acid were heated with 
mineral acids. 

It is clear from the above that ethyl benzylmethoxymethyl- 
nalonate shows properties similar to those of the methoxymethyl 
asters described in Part III of this series (T., 1915, 107 , 783), and 
'bws no tendency to undergo ring-formation on hydrolysis. It 
!iad been intended to extend these experiments to derivatives of 
?thyl benzylmalonat© with negative groups in the aromatic 
inicleus, but as there is little prospect of the author being able to 
"oiitiniie the work in the near future, it has appeared desirable to 
publish the results obtained in their present, somewhat incomplete, 
form. 


Experimental. 
Bcnzylmethoxymethylmalonate (IV). 

Ethyl benzylmalonate (25 grams) was gradually added to finely 
'WJed sodium (2 ‘3 grams) suspended in dry ether (200 c.c,), when 
^ ® sodium rapidly dissolved and a clear solution of the sodiufn 
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•compound of etliyl l) 6 nzyliiialonate was obtained. Monochloro 
methyl ether (8 grams) dissolved in twice, its volume of dry ether 
was cautiously added, when a vigorous reaction took place, whicli 
was controlled by cooling in ice-water. Next day water was added 
to dissolve the colloidal sodium chloride, the ether separated, dried, 
and evaporated. The residual oil was distilled under diminished 
pressure, when practically the whole passed over at 194--200*=/ 

18 mm. On redistillation, the oil boiled constantly at 194 — 195 c/ 

19 mm. (yield, 23 grams) : 

0-0988 gave 0-2358 CO 2 and 0'0676 H^O. C = 65T ; H-7-6. 

CjeHo^Og requires C = 65'3; H = 7‘5 per cent. 

This ester was obtained as a very viscid oil, which, on keeping 
for some weeks, crystallised in massive plates melting at about 
49 — 50°, Owing to its ready solubility in all the ordinary organic 
solvents, it was not found possible to recrystallise it. 


Hydrolym of Ethyl Benzylmethoxymethylmalon<ite. I. TFiY/{ 
Poiassium Hydroxide. Benzylmethoxy methylmalonic Acid. 

In perfonning this hydrolysis, the ester (5 grams) was mixed 
with methyl' alcoholic potassium hydroxide solution (2-5 grams ef 
KOH) and allowed to remain in the cold overnight, when a 
sparingly soluble poiassium salt (4) separated in fine needles. 
This was washed with a little methyl alcohol, and the filtrate 
heated on the water-bath for one hour, when a further quantity 
of the potassium salt separated, which was added to 

The potassium salt was dissolved in water and the solution 
faintly acidified with hydrochloric acid, when an acid separated 
as a viscid oil, which rapidly crystallised, and was recrystallised 
from a mixture of ether and light petroleum : 

0-0886 gave 0-1952 CO^ and 0 0495 H^O. C = 60-l; H = 6-2. 

Cj 2 TTuOj 3 requires C = 60-5] H“5'9 per cent, 

Benzylmethoxymethylmalonic acid crystallised in stellate needles 
decomposing at 160—162°. It was readily soluble in ether, chloro- 
form, or benzene, but only sparingly so in water or light petroleum. 
It yielded a sparingly soluble, amorphous barium salt ; the caiciim 
salt was obtained as a sparingly soluble, caseous, white precipitate, 
which appeared to be microcrystalline : 

* The filtrate from the potassium salt was saturated with carbon dioxide, 
the alcohol removed on the water-bath, and the aqueous solution acidified, 
when an oil separated which partly solidified. The solid was collected and 
found to Consist of benzylmethoxymethylmalonic acid. The oily acid was 
obtained in too small a quantity for investigation, 
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07088 lost 0-2121 HgO at 120''. H.O = 29-9. 

0-3123 gave 0-1068 CaS04. Ca=10-0. 

Ci2Hi205,6iH20 requires H20 = 29-9; Ca-10-2 per cent. 

0-1029 Gram neutralised 0-0735 gram of barium hydroxide, 
whereas a dibasic acid, Cj2Hj40_;5, should neutralise 0’074 gram. 

As has been mentioned above, benzylmethoxymethylmalonic 
icid melted with decomposition, this being due to loss of carbon 
lioxide with the formation of the monobasic acid, ^-pheriyl-a- 
ficihoxyv^^thyljyrojnomc acid. This acid has, so far, only been 
)btained as a viscid oil. In one experiment, the dibasic acid 
'0‘775 gram) was heated at 165° until all evolution of carbon 
lioxide had ceased, when a loss in weight of 0-142 gram was 
observed, whereas this weight of a dibasic acid should lose 0*139 
?ram in passing to a monobasic acid. A further proof of the 
bmiation of the monobasic acid was furnished by the analysis of 
he silver salt, which separated from a faintly alkaline solution as 
1 granular, white powder : 

0-1991 gave 0-0727 Ag. Ag — 36'5. 

CiiHi303Ag requires Ag^35'9 per cent. 

When benzylmethoxymethylmalonic acid was boiled for some 
hours with hydrochloric acid (50 per cent.), it was converted into 
z-henzijlacrylic acid (see below), and this was found to be the 
simplest method for the preparation of this acid . 


II. With Hydrochloric Acid. a-Benzylacrylic Acid, 
CH2Ph'C(:CH2)'C02H. 

Ethyl benzylmethoxymethylmalonate was hydrolysed by hydro- 
chloric acid only with great difficulty. The ester (20 grams) was 
mixed with hydrochloric acid (100 grams), acetic acid (25 grams), 
ind water (50 c.c.), and the mixture heated under reflux for thirty- 
six hours. The oil was dissolved in ether, and the acid removed 
from the ethereal solution by washing with sodium carbonate solu- 
-ion, from which, on acidification, 2*5 grams of an oily acid* were 
obtained. The ether was evaporated, and the residual oil mixed 
Afith methyl-alcoholic potassium hydroxide solution (7 grams of 
KOII), when, on keeping, the sparingly soluble potassium salt of 
3enzylmethoxymethylmalonic acid separated. The filtrate from 
:his salt was saturated with carbon dioxide, the alcohol removed 
jy evaporation, and the aqueous solution rendered just acid with 
lydrochlorio acid, when an oil separated which rapidly solidified. 

* The oily acid partly solidified and, after draining on porous porcelain, 
he crystals were found to consist of a-benzylacrjdio acid. 



568 


simonsen: syntheses with the aid OE 


The solid was purified by repeated crystallisation from dilute 
methyl alcohol; 

0*1686 gave 0*43 COo, and 0’0876 HgO. C = 73’8; H — 6T. 

C 10 H 10 O 2 requires C = 74'l; H = 6*l per cent. 

a-Bemylacrylic acid separated in glistening prisms, which melted 
at 68 — 69°. It was readily soluble in all the ordinary organic 
solvents, but only very sparingly so in water. 

On titration, 0-1109 gram neutralised 0*0589 gram of barium 
hydroxide, whereas a monobasic acid, CiyHio 02 , should neutralise 
0*0587 gram. 

That this acid was not identical with the isomeric a-raethyl- 
cinnamic acid melting at 74° was shown by the fact that a mixture 
of the two melted at 40°. Further, these two acids are readily 
distinguished in that a-benzyl acrylic acid yields a readily soluble 
barium salt, whereas the barium salt of a-methylciimamic acid is 
only sparingly soluble. 

In alkaline solution, a-benzyl aery lie acid is unstable towards 
potassium permanganate; when dissolved in chloroform, it readily 
absorbs bromine, with considerable evolution of heat. In one 
experiment, the acid (0*5 gram) was dissolved in chloroform (3 c.c.) 
and treated with the calculated quantity of bromine in chloro- 
form solution. On keeping, the &romo-acid separated, and was 
purified by crystallisation either from chloroform or dilute acetic 
acid : 

0*1196 gave 0*14 AgBr. Br — 49*8. 

CiQH]Q02Br2 requires Br^49‘7 per cent. 

-Dihromo-^-jihenyli^ohutyric acid^ CH 2 ph*CBr(CH 2 Br)*CO.,H. 
crystallised in fine needles melting at 145 — 146°. When reduced 
with sodium amalgam, it yielded jB-phenylwobutyric acid, which 
was identified by conversion into the characteristic amide melt 
ing at 107°, and this melting point was not altered by admixture 
with a specimen of the amide from another source (Pound: 
N-8*6. Calc.: N — 8-5 per cent.). 

^^-Bromo-^-'phenyli^ohutyric Acid.. — This acid was formed when 
a -benzyl acrylic acid was mixed with an acetic acid solution of 
hydrogen bromide (saturated at 0°) and heated in a sealed tuhe 
at 100° for two hours. Oii pouring into water, a heavy oil 
separated, which was dissolved in ether, the ethereal solution 
washed to remove acetic acid, dried, and evaporated, when a viscid 
oil was obtained. After remaining for some days in a vacuum 
desiccator, it was analysed, and was evidently nearly pure: 

0*1455 gave 0*1037 AgBr. Br-30-3. 

Cj^Hj^OoBr requires Br = 32'9 per cent. 
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The bromo-acid dissolved readily in potassium hydroxide solution 
or ammonia, but, on warming, the solution clouded, owing prob- 
ably to the separation of the hydrocarbon ; the acid was, however, 
itiuch more stable than its isoineride (see below). 

When dissolved in concentrated aqueous ammonia and allowed 
Jo remain for some days in the cold, it was converted quantitatively 
into ^^-amino~(i-i}he.7iylhohiUyrU acid. For analysis, it was re- 
crystallised from chloroform : 

0-1587 gave 11'6 c.c. at 32® and 760 mm. N-7-8. 

requires N — 7-8 per cent. 

This acid separated from chloroform in glistening leaflets mell- 
ing at 128°. It was readily soluble in water or alcohol, more 
qiaringly so in the ordinary organic solvents. 

^^Uroino-d-phenyl'\^lutyric Acid., CIIBrPh-CHM6*CO.iH. - For 
]>iirposes of comparison, this bromo-acid, which does not appear to 
have been described previously, was prepared from a-methyl- 
ciiinamic acid by the action of an acetic acid solution of hydrogen 
bromide in the manner described above. On pouring the mixture 
into water, a solid separated, which crystallised from formic acid 
in glistening prisms melting at 168—170^: 

0 1347 gave O' 1037 AgBr. Br-32-7. 

CioHiiOoBr requires Br-32-9 per cent. 

Like other j8-bromo-acids, this acid reacted very readily with 
alkalis. When dissolved in cold sodium carbonate solution, the 
solution rapidly clouded, with the separation of an oil, and the 
same behaviour was observed with ammonia, so that it was not 
found possible to prepare the amino-acid. 

In one experiment, the oil formed by the action of dilute sodium 
carbonate solution was separated, dissolved in chloroform, and 
treated with a chloroform solution of brfliiiine, when, on allowing 
the solvent to evaporate, needles w^re obtained which melted at 
65 — 66°, and evidently consisted of the dibromide derived from 
allylbeiizeue, which had resulted from the action of the alkali on 
the bromo-acid (Found: Br — 57’9. Calc.: Br — 57'5 per cent.). 

The author wishes to thank Mr. M. Oo]ial Ran for assistance in 
the analytical work. 

PoKRST Rese.'^rch Tnstituti: .^nd Cotxeoe, 

Dehra Dun, India. [ Rcctivtd , April Sth , 1920.} 
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LXI . — The ConstituenlH of Indian Turpentine from 
Pinus lorigifolia, Roxh, Part /, 

By John Lionel SxmonseN. 

The manufacture of turjientine in India from the oleo- resin of 
I'inufi lo/tfiifoJia, Roxb., is now an established industry, and lar^e 
quantities of the oil are distilled in the Government factories at 
Jallo in the Punjab and Bareilly in the United Provinces. The 
oil, whilst quite suitable for the majority of technical purjtoses, i< 
rej^arded as inferior to American turpentine, owing to the resiiliie 
which it leaves on evaporation and to its proneness to oxidation. 

The coiistituent.s of Indian turpentine have already formed the 
subject of several investigations (Rabak, Phann, Kev.^ 1905 23 
229; Schinnnel’.s Btruhi, April, 1906, 66; October, 1911, 93; 
BuU, Imp. 1911, 9, 8; Robinson, P., 1911, 27, 247; Sindi 

Ind. Fw\ 7f*cr., 1912, 4, Pt. I), which have established the presence 
of /-a-pinene, /bpiiiene, a terpene yielding sylvestrene hydrochloride 
when treated with hydrogen chloride, and a sesquiterpene. 
Although in the literature it is definitely stated that sylvestrene U 
present (compare Parry, ''Essential Oils,” Vol. I, p. 18), yet 
Robinson {lac. eit,), to whom we owe the moat careful investigation 
of the oil that has been made up to the present, drew the con- 
clusion that the fraction previously assumed to contain sylvestrene 
in all ])robability coiitained some isomeric terpene, which on treat- 
ment with hydrogen chloride yielded sylvestrene hydrocliloride. 
lie also suggested that dipentene was probably present. 

In view of the above res nils, it appeared to the author desirable 
that a careful re-examinatioii of the constituents of Indian turpen- 
tine should be made, and the results so far obtained form the 
subject of this communication. 

The oil nserl was distilled at the Government turpentine factorv 
at Jallo, and was specially collected under the supervision of Wr. 
A. J. Gibson, Indian Forest Service, the officer in charge of Hip 
factory. It was carefully sealed np immediately after distillation 
in five-gallon dr\ims, and ])r'ior to use it was dried for some days 
over anhydrous magnesium sulphate. 

On careful fractional distillation, the presence of the following 
(.‘onstitueiits was definitely proved : /-a-pinene', jS-pinene, a new 
bicyclic terpene, for which the name d-carene is proposed, and a 
tricyclic sesquiterpene, lunf/ilolene. 

The hydrocarbon, r/-carene, wliich is without doubt identical 
with the hy<lrocarbon described by Roliinscjn {loc. cit.), is an oil 
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boiling at 168 — 169°/ 705 mm., and possessing a characteristic and 
^yrious, sweet odour. The constitution of this new terpene was 
determined by investigating its behaviour on treatment with 
hydrogen chloride and on oxidation with potassium permanganate, 
vidien treated in ethereal solution with hydrogen chloride, an oily 
hydrochloride was obtained, which partly solidified on cooling in a 
freezing mixture. The solid was found to be pure cZ-sylvestrcne 
hydrochloride melting at 72°, whilst the terpene obtained from the 
liquid hydrochloride on removal of the hydrogen chloride in the 
usual manner (see p. 575) was found to be a mixture of sylvestrene 
and dipentene. The latter was identified by means of the tetra- 
broiuide after removing the greater part of the sylvestrene by 
treatment with potassium dichromate and sulphuric acid in the 
manner suggested by Baeyer 1894, 27, 810, 3485). The 

toriiiation of a mixture of sylvestrene and dipentene hydrochlorides 
is most simply explaineKl if it is assumed that the new terpene h 
represented by one of the three following formulae (T, II, or III), 
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since it is obvious that 

a bi cyclic terpene possessing one of these 

structures would, on fission of the r^c7opropane ring, yield a mix- 

ture of the hydrochlori( 

of the monocyclic terpeiies. 

Further evidence in 

support of the 

above view was furnished 

oy a study of the products formed on 

oxidation with potassium 

permanganate. When 

oxidised in the 

presence of alkali in ice- 


(^old solution, the main product of the oxidation was found to be 
a ghjcd^ CjqHjjjOj, melting at 69 — 70°. This glycol does not 
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appear to contain a primary alcohol group, since, in benzene solu- 
tion, it does not react with phthalic anhydride, and it follow;; 
therefore, that ^Z-carene cannot be represented by formula IH^ and 
that the glycol must have either formula IV or V. All attempts 
to convert the glycol into a ketone by oxidation with chromic acid 
were unsuccessful, the reaction proceeding apparently abnormallv 
with the formation of oils of high boiling point, from which nothing 
crystalline could be isolated. The alkaline liquid from which the 
glycol had been separated was acidified, and the acids fonne<l 
during the oxidation carefully examined. The main product was 
a viscous oil, but two crystalline acids were obtained. Owing to 
the small yield, one of these, melting at 137^, could not be 
identified, but the second acid was found to be dimethylnialonir 
acid, thus proving definitely the presence of the grouping 

in ^Z-oarene. 

In the light of these observations, it appeared desirable In 
attempt to isolate caronic acid, and 6?-careue was therefore oxidised 
with potassium permanganate in the manner adopted by Baeyer 
and Ipatiev 1896, 29, 2796) for the preparation of this acid 

from carone. The product of the oxidation was a viscous oil, from 
which nothing crystalline separated, and evidently did not contain 
any m-caronie acid, but, on conversion into the ammouiuni salt, 
a small quantity of a crystalline salt was obtained, which was only 
sparingly soluble in cold water, and crystallised in glistening 
prisms. On acidification, an acid crystallising in prisms and melt- 
inty at 212 — 213*^ was obtained, and there can be no doubt that 
this was caronic acid, which is stated by Baeyer and Ipatiev 

to melt at this temperature (see p. 577). 

So far as the author is aware, tZ-carene is the first naturally 
occurring terpene which has been found to contain the carane ring, 
and is therefore of more than usual interest. It has not been 
found possible to decide whether formula I or II correctly repre 
seiits the structure of this terpene, and it does not appear unlikely 
that, as is assumed to be the case with sylvestrene, the hydrocarbon 
may be a mixture of the two isomerides. The molecular refrac- 
tion was found to be 44*22, which agrees well with that calculated 
(44‘19) for a compound containing a cycZohexane and a cyclo- 
propane ring. The fact that the molecular refraction is practic- 
ally normal points to the absence of conjugation of a double bond 
with the cyc'Zopropane ring and renders it probable that (Z-carene 
is represented by formula I ((Z-A^-carene). It is hoped to prepare 
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synthetically th© hydrocarbon represented by fonnida II 
(i<-carene), and experiments in this direction are in progress, 

The sesquiterpene for which the name lomjifoUnc is propose<l 
has up to the present only been cursorily examined. It yields 
very beautiful derivatives with hydrogen chloride, hydrogen 
hroinide, and hydrogen icMiide, and from a consideration of its 
molecular refraction (M = 64-15) it is evidently tricyclic. 


Experimental. 

The oil used for these experiments was reddish-brown, and, after 
Irving over magnesium sulphate, had the following constants; 

0-8717, < 1-4725, -2-38^ acid value 2-4. 

A large quantity was submitted to a careful fractional distilla 
ion under diminished pressure, using a twelve-pear Young still- 
icad, when it was readily separated into the following three frac- 
ions: up to 118^/200 mm. (31 per cent.'), 11 8-- 130°/ 200 mm, 
47-(> per cent.), 149— 155°/30 mm. (10’2 per cent.); lass and 
esidiie (by difference), 11*2 per cent. 

The fractions boiling below 130°/200 ram. were carefully refrae- 
ionated under the ordinary pressure, and were divided into two 
lain fractions, .4 distilling at 155— 167^/706 mm, (60-8 per cent.) 
ud B at 167— 171°/ 706 mm. (14-8 per cent,). Fraction .1 con- 
sisted mainly of a- and jS-pitiene, and a pure fraction of / a pinene 
was isolated boiling at 153— 154°/ 700 mm. and possessing the 
following constants: 0-8525, n‘^ 1-4625, -34°, which agree 

well with those usually found for thi.s hydrocarbon. The identity 
waj further confirmed by the formation of a-pinoiiic acid on treat- 
meut with potaasium permanganate in the usual manner. The 
presence in fraction A of ^-pinene was proved by the isolation of 
nopinic acid (m. p. 128°) from the products of the oxidation with 
potassium permanganate in the usual manner. 


A-G (Irene (d-i^- or -^.*'Carene). 

The fraction B (see above) was found on repeated fractionation 
to yield an oil, which boiled quite constantly at 168 -169°/ 
705 rnm., 123— 124°/200 mm. This hydrocarbon, for which the 
name d-carene is proposed, was found to have the following 
constants : 0-8586, 1*469, aj^^7-69°. M = 44-23, calc, 

lor ^43'5, which, with the increment for the presence of 

cycfopropaue ring (0-69), becomes 44-19 (compare Eisenlolir, 
f>pektrochemie der organischen Verbind ungen, ’’ p, 131). 

Another sample of t^carene from a different sample of turpen- 
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tine was faund to have the following constants: !)% 0-85|)]^ 

1-47, Oi, +7-830. 

Owing to the readiness with which tZ-carene is oxidised on 
exposure to the air, only approximate figures were ohtainef] on 
analysis. A specimen distilled three times over sodium undor 
diminished pressure and analysed immediately gave the following 
figure* : 

0-1019 gave 0*327 CO^, and 0-107 H^O. 0=87-5; H = 117. 

CjoHjfi requires 0=88-2; n^ll'S per cent. 

^/-Carene is a colourless oil possessing a very characteristic, some 
what sweet odour. Wlien dissolved in acetic anhydride and treated 
with a drop of coneentrfLte<l sulphuric acid, a transient, green 
coloration was ohserved. Ujilike sylvestreiie and terpinene, it was 
found not to be acted on hy a mixture of |>otass[um dichromate 
and sulphuric acid. The ease with which it undergoes oxidation 
was shown hy the fact that when 1 o.c. was placed in a closed 
vessel, it alisorhed all the oxygen pre^sent in three days. 

Tn chloroform solution, f/-rarene readily absorbed bromine, lint 
after the addition of one molecular proportion, the absorj^tion 
became very slow and hydrogen bromide commenced to he evolved, 
It was not found possible to obtain a solid bromo-derivativc, whilst 
the nitrosochloride and the nitrosite could also only be obtained 
as oils; it yielded, however, a crystalline lutrosnfe. The terpene 
(5 grams) was mixed with acetic acid (2 c.c.) and amyl nitrite 
(4 grams), and nitric acid (D I'd) (3-5 grams) was then added very 
slowly tu the well-cooled mixture. A solid was slowly deposited, 
and, after an hour, alcohol was added and the solid collected. It 
was purified by crystallisation from a mixture of chloroform am! 
liglit petroleum, when it was obtained in glistening prisms whicli 
decomposed at 141-5®: 

*0 089 gave 11 o.c. N., at 34® and 741 mm. N--12'8. 

requires N = 13‘2 per C/Cnt. 

d-C arena nUrosate is very sparingly soluble in methyl and ethyl 
alcohols or light petroleum, more readily so in acetone or chloro- 
form. 

rKIarene showed no tendency to undergo hydration when treated 
with dilute sul[)luiric acid. In one experiment, the terpeii« 
(20 grams) was heated at 100® for seven days with dilute sulphurH' 
acid (5 per cent.) (100 co.) in a closed vessel from which the air 
had been displaced by carbon dioxide. The terpen e distilled com- 
pletely at 123— 124®/ 200 mm., and that it was quite unaffecied 

• I wish to thank Prof, B. K. Singh for this analysis. 
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Iw the treatment is indicated by the following constants: 
0*8595, 1*469. 

Action of Hydrogen' (Jhloruft o/i d-Carene. 

As has already been mentioned, ^/-oarene on treatment with 
hydrogen chloride gives a mixture of r/-sylvestreiie and flipentene 
hydrochlorides. In one experiment, the terpene (30 grams) was 
dhsolved in dry other (60 c.c.), and dry hydrogen chloride passed 
into the well-cooled solution until it was saturated. After two 
(Jays, the ether was reniovexl in a vacuimi, and tlie residual brown 
oil cooled in a freezing mixture, when it partly solidified. The 
orvst-als were rapidly collected, and, after draining on ])oroiis 
porcelain, were found to melt at 71*^ (yield, 6 grams). On re 
^■rvstaUisation from methyl alcohol, the liydrochloride separated 
in c'listening needles melting at 7‘J'^, and evidently consisted of 
svlvestreno hydrcK?hloride. In chloroform solution, [a],, had the 
value [-20'3T^ (Found: C1^33’7. requires td~i33'9 per 

cent.). A quantity of the hydrochloride was converted into the 
terpene, which was found to possewss all the jn’operiies ascribe<l to 
(/-sylveatrene. 

The liquid hydroclilorido (40 grams) from which the f/-sylvestrene 
hydrochloride had been sejiaratcd was mixed with acetic acid 
(80 grams) and sodium acetate (40 grams) and heate<! for thirty 
uiiruitea on the sand-bath. The hydrocarbon was distilled in a 
current of steam, separated, and, alter boiling for a short time 
with potassium hydroxide solution, extracted with ether, the ether 
dried and evaporated, and the residual oil distilled at 200 mm,, 
when 12 grams of an oil were obtained distilling between 120° and 
110'^. The hydrocarbon, which had a j)lea;sant mlonr of lemons, 
gave, when dissolve<l in acotio acid, an intense sylvestrene color- 
ation with sulphuric acid. In order to remove the greater por- 
tion of the sylvestrene, the mixture of terpene^ was repeatedly 
shaken (twenty times) with small quantities of dilute potassium 
dichromate solution (compare l?ae,yer, lor. rit.). After drying 
over potassium carbonate, the remaining oil was distilled over 
sodium, when the greater portion passed over at about 130°/ 
200 mm. (yield, 5 grams). The terj)ene, which still gave the 
sylvestrene reaction, although much less markedly than before, was 
dissolved ill chloroforin ami tre.ate<l with a chloroform solution cf 
hromino until a permanent straw coloration was obtained, the 
chloroform renioved in a vacuum, and the residual viscid oil cooled 
ui a freezing mixture, when it rapidly crystallised. After drain- 
ing on porous porcelain, the liromo-deiivative was purified by 
crystallisation from ethyl acetate, when it was found to melt at 
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123 -124°, ai)<i this melting point was not depresse<l on admixtllr^. 
with a specimen of dipen tone tetrabromide from another source 
(Found : Br^^70-6. CjoHjijBr^ requires Br = 70-2 per cent.). 


Oryafinn of d-Carene : I. d-Carene. G^j/col (IV or V). 

The terpene (50 grams) was mixed with sodium hydroxide .^o!u 
tion (500 c.c. ; 50 grams of NaOII), and, after the addition of ice, 
pota'^siiirn permanganate solution (1*5 litres; 116 grams of 
KMnO^) was gradually added with constant shaking, the solution 
being kept at 0° during the addition. The oxidation, which pro- 
ceeded rapidly at first, became very slow towards the end. Whpn 
the colour of the potassium perjnanganate had disappeared, steam 
was ])assed into the solution to remove the unchanged terpene 
(20 grams), the solution filtered, and concentrated on the water 
bath, carbon dioxide being jiassed into the liquid during evapora- 
tion. The alkaline solution was extracted ten times with ether to 
remove the neutral products formed during the oxidatiojq the 
ethereal extract dried over potaAsiura carbonate, the ether evapor- 
ated, and the residual oil distilled under diminished pressure, when 
practically the whole passed over at 166 — 1 67°/42 ram. On keep- 
ing, the viscous oil rapidly crystallised in long needles melting at 
69 70°; 

0 1402 gaveO-SGi CU and 0T31 IIoO. C=::70-2; II-10-4. 

C,QlT]gO,, requires C — 70'6; H=^10'6 per cent. 

d~('arefie is readily soluble in all the ordinary organic sol- 

vents, and it was not found possible to recrystallise it. Tn chloro- 
form solution it has [aj^^ -|-16'05. ^f-Carene glycol does not read 
with phthalic anhydride when heated in benzene solution on the 
water-bath, and it is therefore extremely unlikely that it contains a 
primary alcohol group. When mixed with sulphuric aedd (D T25) 
it readily dissolved, and on keeping a viscid oil separated which 
could not, however, be obtained crystalline. It reacted readily with 
hydrogen bromide, but the product could not be obtained solid. In 
acetic acid solution it w'as oxidised by chromic acid with the forma- 
tion apparently of a complex mixture, from which, owing to the 
small quantity of material at the author’s disposal, nothing definite 
could be isolated. 

The alkaline liquid from which the glycol had been separated was 
acidified with dilute sulphuric acid and repeatedly extracted with 
ether. On removal of the ether a visdd oil remained which bad a 
strong odour of butyric acid. As the oil showed no tendency to 
crystallise it was esterified in the usual manner with alcohol and 
sulphuric acid, and the resulting mixture of esters carefully frac- 
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tioaated under dimiiushed pressure (44 mm.). A small quantity 
distilled below 160°, and three main fractions were collected: A at 
160—170° B at 170—185°, and C at 180—200°. 

Fraction A, which was a pleasant-smelling oil, was hydrolysed 
with alcoholic potassium hydroxide solution in the usual manner, 
and after removal of the alcohol and acidification the aqueous solu- 
tion was repeatedly extracted with washed ether, the ethereal 
extract dried and evaporatetl, when an oil was obtained which 
rapidly solidified. After draining on porous porcelain, the add was 
recrystallised from water, when it separated in small plates which 
decomposed at 186 — 187° and evidently consisted of dimethyl- 
malonic acid (Found, C = 4o'2^ H — 5'8. Cr,IIgO^ requires C = 45‘4; 
I1>61 per cent). 

The view that this acid was dimethylmalonic acid was confirmed 
by the fact that when mixed with a specimen of dimethylmalonic 
add from another source no depression of the decomposition point 
was observed. 

Fraction B, which was a somewhat viscous, unpleasant smelling 
oil, was hydrolysed with alcoholic potassium hydroxide solution, 
and the acid obtained in this way was isolated by extraction with 
ether in the usual manner. The acid was a ver)^ viscous, u n pleas ant - 
smelling oil, which on trituration with a little water partly solid i- 
(ifid. The solid was separated, drained on porous porcelain, and 
purified by crystallisation from dilute methyl alcohol, when it 
crystallised in long, prismatic needles melting at 136 —137°. On 
analysis it gave the following figures : 

0-1349 gave 0'3537 CO^ and 0-1008 HoO. C-71-5; H-8'3. 

This result agrees best with the formula C.„H,A (C = 72'3; 
11=8-4 per cent.), but owing to the very poor yield of this acid it 
was not found possible to determine its constitution. 

Fraction C on hydrolysis gave a viscous oil smelling strongly of 
fatty acids. It could not be obtained crystalline, and was not 
further investigated. 


II. trans-(7<zronfc Acid, 

The method adopted for the preparation of f ran,?- car oiiic acid 
from t/ carene was identical with that used by Baeyer and Ipatiev 
{loc, cit.) for the preparation of this acid from carone. The oily 
mixture of acids obtained from the oxidation (no trace of the c/.?- 
acid could be detected) was converted into the ammonium salt when 
after concentration the ammonium hydrogen salt of fraw-caronic 
acid separated. This was recrystallised from a little water, in 
which it was only sparingly soluble Then it was obtained in small 

Y- 
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prisms. The free acid was purified by crystallisation from hot 
water, when it separated in prisms melting at 212 — 213°. This add 
possessed all the properties ascribed to ^rans-caronic acid, and the 
melting point was not depressed on admixture with a specimen of 
//vu/^-caroiiic acid specially prepared for comparison. 

The silver salt was obtained as a crystalline precipitate (Fonncl 
Ag — 57'7. CjilgOjAg^ requires Ag = 58T per cent.). 

A-Longijolene. 

The fraction of the original oil boiling at 149 — 151°/ 36 mm. was 
repeatedly distilled over sodium, when the sesquiterpene di-lov.g't- 
jiiJene was obtained as a colourless, somewhat viscous oil with a 
faint and not unpleasant odour. It distilled at 254 — 256°/ 706 ram.. 
150 — 151° '36 mm., and had the following constants: O‘y‘234, 

< T495, M = G4T5, 4.42-73°. 

J-l^ongifolene does not yield a solid iiitrosocldoride, nitrosate, or 
nitrosite. 

The ht/iirockloi'lde. was best prepared by saturating an ethereal 
solution of the hydrocarbon with hydrogen chloride and allowing ii 
to remain overnight. On removing the ether under diminished pres- 
sure, the hydrochloride separated as a crystalline solid which crystal 
Used from methyl alcohol in long pnsnis or pnsmatic needles melt- 
ing at 59 — 60° and having, in chloroform solution, [a]p -h7'l°; 

()-1866 gave 0-1109 AgCL 01:= 14-7. 

C 15 II 25 CI requires Cl = 14'7 per cent. 

The hydrohrovude was best prepared by dissolving the terpene in 
an acetic acid solution of hydrogen bromide (saturated at 0 °) when, 
on keeping, the hydrobromide separated in prisms which after 
crystallisation from alcohol melted at 69 — 70°: 

0TC72 gave OTll AgBr. Br^28-2. 

Cjr,K 25 Br requires Br = 28'0 per cent. 

The Injdrlod'uit which was prepared in a similar manner to the 
hydrohromide crystallised fi-om alcohol in raaginficent prismatic 
needles which melted at 71°: 

0-119 gave 0 0838 Agl. 1 = 38-2. 

Gj 5 ll 2 ;-I requires t = 38‘0 per cent. 

In conclusion, the author wishes to thank his assistant, Mr. T. P 
Ghose, for help in the experimental work, and Mr. M. Gopal Ran 
lor many of the analyses and for kindly undertaking the prepara 
tion of the dimethylmalonic acid and /raws-caronio acid recjuired 
for the purpose of comparison. 

Forest Research Institute and College, 

Dehra Don, India. {Received, April Stk, 1920 ., 
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LXII . — The Cyanine Dyes^ Part I. The Con- 

stitution of the hoCyanmes, 

By William Hobson Mills Eind Robert Scott Wishart. 

The i^focyauines were discovered in 1883 by Spalteliolz [Ber., 1883, 
16, 1847), and independently by Hoogewerff and van Dorp (Rec. 
irav. chim., 1883, 2 , 41; 1884, 3 , 344). These investigators found 
that a pnrplish-red dye forming magnificent, lustrous green crystals 
could be obtained from a mixture of the ethiodidea of quinaldiue 
and quinoline by the action of potassium hydroxide. Hoogewerff 
and van Dorp assigned to it the formula 1128^^23^21^ — lb at is to say, 
they regarded it as formed by the condensation of one molecule of 
quinaldiue ethiodide with one of quiiioluie ethiodide with the 
elimination of hydrogen iodide and of two atoms of hydrogen, 

+ C21II12NI - C23H.23N J + HI + 2H. 

Since the compound thus corresponded in composition as well as in 
general properties with the well known blue dye cyanine, discovered 
by Greville Williams, similarly formed from the alkyl-iodides of 
lepidine and quinoline, Hoogewerff and van Dorp named it diethyl- 
/^Tjcyanine iodide. Spalteholz formulated the dye as 

Interest was again aroused in the ?sncyaniues when their value as 
phc'tographic sensitisers became recognised (Miethe and Traube, 
(’hem, Ind., 1903, 26, 54). 

The first suggestion as to the constitution of this class of dyes 
was made by Decker [Ber.^ 1891, 24 , 692). Having discovered the 
alkylquiuoliuiura pseudo-bases {loc. cit. and Ber., 1892, 25 , 3326), 
saw in them the reactive intermediate products to which the 
formation of the dyes of the cyanine type was due, and accordingly 
lie expressed the view that the cyanines were the product of the 
interaction of one molecule of unchanged alkyl-iodide with one 
molecule of l-alkyl-2 quiiiolone arising from the oxidation of the 
[iseudo-base. The idea that the quinolinimi pseudo-bases play a 
piiiicipal part in the prorluctioii of these dyes forms the basis of all 
the fornuilse which have been proposed for the /^ocyanines. 

Another point 011 which there ha.s been general agreement is that 
the 2-inethyl group of the quinaldiue alkyl-iodide is concerned in 
the condensation. This question has been dealt with especially by 
Vongerichten and Ilofchen {Ber., 1908, 41 , 3054). These investi- 
gators showed in the first place that quinaldiue alkyl -iodides in 
which the hydrogen atoms of this methyl group are substituted, as 
benzylidenequinaldine ethiodide or 2-/>opropylquinoUn6 meth- 

Y * 2 
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iodide, are incapable of taking part in tlie formation of *so(^anines. 
It should, however, be pointed out that evidence of this nature, 
which has been used to a considerable extent in the discussion of 
the constitution of these dyes, is not altogether conclusive, since the 
fsocyanine condensation is very subject to steric hindrance. Quin, 
oline alkyl -iodides, for example, are prevented from taking part in 
this condensation by substitution, not only in the 4-position (Miethe 
and Book, her., 1904, 37 , 2823; Kaufmann and Vonderwahl, 

1912, 45 , 1404). but also as experiments of Miss F. M. Hamer and 
Mr. W. K. Braunholtz in this laboratory have shown, in the 
.'j-position, and, according to the patent literature, in the 8-positioii. 

Vongerichten and Hdfchen (/ot. cit.) also showed that l-ethyl-2- 
t]U in clone is formed when diethyl?, so cyanine chloride is oxidised witli 
alkaline potassiiun ferricyanide. This proves that the nucleus of 
I he quinaldine re^-iduo is linked to the rest of the 7>ocyanin6 mole 
cule through the 2-position, and therefore presumably through the 
carbon atom of the 2'inethyl group. 

On the assumption that the my; cyanines are formed by condensa- 
tion, through the 2 -methyl group, of a quinaldine alkyhiodide with 
a qui noli Ilium pseudo-base, with or without concomitant oxidation, 
the three following formuhe have been proposed for diethyl my;* 
cyanine iodide ; 


/ 


I 

NEt N 

/\ 
Et I 

( 1 .) 


/\/\ /"X 

I I I \_/ /\/\ 

\/\/ 

N 

/\ 

Et I 


(11.) 


CH I 

•YTT'/YTT I 


CH 

ch:ch\/\^ 

NH N 

- eCi 

(III.) 


The first of these is Decker’s formula {J. pr. Chem.y 1911, [ii], 84, 
235). It follows at once from Decker’s view of the mechanism 
of the v’socyanine condensation. The second formula was suggested 
by W. Kbnig (/. pr dfitm., 1906, [ii], 73 , 100) as a modification, 
which he regarded on general grounds as more probable, of a 
formula proposed by Miethe and Book {Ber., 1904, 37 , 2008). It 
dififers from Decker's formula in that it represents the quinoline 
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residue as linked to the rest of the molecule through the 4'- instead 
of the 2^-position. Very strong evidence that the quinoline residue 
is actually linked through the 4^^osition was obtained by A. Kauf ■ 
mann and Vonderwahl 1912, 45 , 1404). In particular, they 
showed that quinoline alkyl-iodidcs substituted with chlorine in 
{he 4-positioii reacted with quinaldine ethiodide and alkali, with tho 
elimination of hydrogen chloride as well as of hydrogen iotlide, to 
give the same y-socyanines as are formed from the corresponding 
chlorine^fre© compounds. Their important comraunic4ition thus 
affords strong support to Konig s formula (II). The third formula 
was also proposed by Konig. It is based on the view that the 
pseudo- bases derived from quinoline alkyl-iodides are aldehyder 
amines, NHK-C(iH 4 *CH!CH’CHO, and represents the y.socyaniiies as 
ihc normal condensation products of these with quinaldine alkyl 
iodides. This interesting suggestion which, although it had little 
direct experimental support, could scarcely be proved to be at 
variance with the facts, will be further considered in a later ]iaper. 

Whilst the available evidence must thus be regarded as favouring 
the second of these three formulaf, it was not of a verv direct char- 
acter, and further information which would assist in furnishing a 
more secure basis for a constitutional formula for the fsocyanines 
was desirable. 

Certain observations had led us to believe that the investigation 
of the action of potassium permanganate on these dyes would lead 
to results of interest. We have therefore studied the oxidation by 
this reagent of 1 : l-dimethylC«ocyanine acetate (the dimethyl com- 
pound was selected as being the simplest y^rjcyaiiine and the acetate 
because it was the most, readily soluble of its salts with common 
acids), and in the p re.se iib communication an account is given of the 
results we have obtained. 

As has already been stated, the oxidation of an iA-ocyanine has 
previously been investigafed by Vongerichten and Hbfchen {loc. 
(•if..). These authors, using alkaline potassium ferricyanide, isolated 
a l-alkylqiiinolone, and showed that it was derived from the quin- 
aldine half of the molecule, but they were unable to isolate the 
other products of oxidation. 

The oxidation of dimethyl /.^ocyanine acetate with potassium per- 
manganate proceeds very smoothly in ice-cold aqueous solution, and 
the end of the reaction is sharply marked by the point at which the 
colour of the gradually added permanganate persists. The quantity 
of permanganate used corresponds with approximately 3-i atoms of 
oxygen for one molecule of /.so cyanine. 

From the oxidised solution we were able to isolate l-metIiyl-2 
quinolone (IV) and, after acidification with hydrochloric acid. 
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cinchoilic acid Tnelhochlaride (V). (The actual product of the oxula 
tion was probably the corret^ponding betain«.) The weights of these 
j^roduct-s, l^efore ])uri flea tion, ann>unted to approximately 80 and 
70 per cent, respectively of those theoretically possible. These two 


/“\ 

\_/ 

^co,ii 

/\/\ 

^•\/\/ 

NMe 


(IV.) 


compounds account lor all the carbon atoms in the tsoeyanine, ainl 
the two luolccnlcs together contain d atoms of oxygen. It is clear, 
therefore, that 3 at^ins of oxygen arc required for the oxidation, 
the half atom or so actually used in excess of this quantity beim' 
consumed in side reactions. Hence the equation for the reaction is; 

Cb,H,^OyN,X 30 - C,„nj,ON r 

The composition of Iho products and the number of oxygen atoms 
used in their furjiiatioii thus settle the debated question of the 
number of hydrivgcn atoms in the molecule of the ?.vocyaniue; they 
show that Idle view of Iloogcwerff and van Dorj) that the condensa- 
tion involves the removal of two atoms of hydrogen by oxidation is 
correct. At the same time the structural formula of the dye is 
fixed. For subtraction of the added oxygen atoms from the two 
products leaves the residues 


\_/ 

MeXN<^ ^-CH: 


and 



NMe 


and these on combination give VI as the formula of the isocyaiiine. 



NMe 


(VI.) 


MpN; 


/VN 

N 

/\ 

X Me 
(VII.) 


This formula stands in the closest relationship to formula II sug- 
gested by Kdnig and advocated by Kaufmann and Vonderwahl. In 
fact, since in each the two nitrogen atoms are connected by a chain 
of conjugate linkings, it is probable that the two types of forniulsc 
represent virtually tautomeric compounds. 

If this should prove to be the case, the objection might perhaps 
be raised that, whilst the experiments recorded in this paper show 
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tletiuilely iHat t-he dimethyl /.svjcyanine salts have one of llie (sup- 
jjosctlly) tautomeric formulse, VI or VII, they do not provide a 
satisfactory basis for distinguishing between these two. It might 
tjft argued that the compound actually oxidised was the /.socyanino 
base set free by the exce.ss of alkali developed by the reduction of 
the permanganate, especially as the salt employed was that of a 
weak acid, and that the base might differ in constitution from the 
salts. The nature of the oxidation products, however, shows thal, 
if they are derived from a base, this must be an ammonium base, 
nob a pseudo-baJio; and a strong 0 [uaternary ammonium ba'^e, as 
this must be, must correspond in constitution with its salts. For if 
the compounds are tautomeric, as supposed, the acid radicle of the 
salt, and the hydroxyl group of the base must each be aitaclu'il to 
the more strongly basic of the two nitrogen atoms. 

There is further no apparent reason why a compound of the 
fcimula VII, if present, should not be about as readily oxidised to 
luiiethyl 4 quinolono and a 1-methylquinaldinic acid salt as the 
sobstanco VI is oxidised to 1-raethyl 2 quiiiolone and a 1-mcthyh 
cinchonic acid salt. An experiment was carried out in which the 
quantity of acetic acid necessary to keep the reaction mixture 
neutral was added to the permanganate solution before it was 
allowed to run into the fsocyanine. The products of oxidation w^ere 
the same as in weakly alkaline solution and, in spite of careful 
search, no evidence of the formation of l'methyl-4-quinolone or of 
a 1 methyl quaberhary salt of quinaldinic acid could be obtained. 

It would therefore appear justifiable to draw from these experi' 
nieiits the inference that the dimethyl u'oeyanine salts have the 
structure represented by formula VI. 

There is an observation of Kaufmann and A^onderw'ahl which con- 
firms this suggestion of the virtual tautoinerism of the v’.vocyanines. 
These authors have shown {Ber.^ 1912, 45, 1418) that l-ethyl-V- 
methyl-2^-pheuyb'gocyanine iodide (VI IT), when heated in a high 

O /\/\ 

Ph N 



vacuum, decomposes into ethyl iodide and a base having the com- 
position of a phenylmethydquinolylene-quinaldine. This proves that 
in this compound the iodine is attached to the nitrogen atom in the 
quinaldine residue, otherwise methyl iodide would be eliminated- 
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This substance therefore has the formula VIII, and does not corre. 
spend in constitution with the dimethyh^ocyanine salts. It is noto 
worthy that, like other 2 ^-substituted /‘sociyanines, it is an 
exceedingly feeble seusitiser (Pope and Mills, Phot. J 1920, 60 ). 

If, as would thus appear, the wocyanines are virtually tautomeric 
compounds, differences of constitution of this kind would be ex- 
pected to occur. In the compound VTII the basicity of the nitrogeti 
in the quijioline residue must be lowered by the presence of the 
adjacent phenyl group, and it is probable that a reversal is thereby 
brought about of the normal order of basicity of the two nitrogen 
atoms which obtains in the simpler Isocyanines. Thus, whilst the 
powerfully sensitising 1 : P-diinethyl?socyanine salts, and therefore 
presumably also the closely related 1 : P-diethyl- and 
methy]-?>ocyanine salts have molecular constitutions corresponding 
with formula VI, certain oso cyanines negatively substituted in the 
quinoline half of the molecule must be regarded as having a 
structure of the type represented by VII. 

The cyanines correspond so closely with the ?i-ocyanines in forma 
tion, composition, and general properties that it has been generally 
recognised that their constitution must follow from that of the 
latter class of dyes. The formula VI established for the wocyaiiine> 
therefore practically fixes that of the cyanines as 


/^\ /^\ 

V >-< >-< 


Experimental. 

Orulation of \ ■.V-T)imethyVi?>ocyaii'trie Acetate. 

Since it was desirable to carry out the oxidation of the fsocyaniiie 
in aqueous solution, and the chloride, nitrate, and sulphate of the 
dye were found to be sparingly soluble in \vater, the more readily 
soluble acetate was prepared by treating the iodide with silver 
acetate. 1 : l^-Dimethyl/«ocyanine iodide (Pope and Mills, loc. cii] 
(5 grams) was dissolved in alcohol (250 c.c.), silver acetate (10 
grams) ground into a cream with alcohol (30 c.c.) was added, and 
the mixture was boiled for half an hour. The solution, which was 
then found to be free from iodide, was filtered, and the filtrate was 
evaporated to dryness, the last traces of alcohol being carefully 
removed by a current of warm air. The diraethylMOcyanine acetate 
obtained in this way w^as dissolved in water (2o0 c.o.), and this 
solution was used for the oxidation. It was browner than true 
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of dimethylwocyanine salts, and was possibly a colloidal 
solution, since the addition of a little acetone immediately restored 
tiie brilliant wo cyanine colour, and dilution with water had the 
same effect. 

To carry out the oxidation the aqueous solution of the acetate 
was cooled to 0° and a 3 per cent, solution of potassium permangan- 
ate was allowed to drop slowly into the rapidly stirred liquid until a 
tlrop placed on filter paper showed the first signs of a permanganate- 
coloured ring round the moistened spot In an experiment in which 
the acetate from 1'74 grams of iodide was dissolved in 100 c.c. of 
water and oxidised in this manner, 4o'7 c.c. of 3 per cent, potassium 
permanganate solution were required. Since the molecular weight 
of the iodide, which contains one molecule of methyl alcohol of 
crystallisation, is 458, the permanganate used corresponds with 3' 4 2 
atoms of oxygen per molecule of wocyanine. In most of our later 
experiments the acetate solution prepared from 5 grams of iodide 
was divided into two equal parts, and to each of these 67 a c.c. of a 
3 per cent, potassium permanganate solution, corresponding with 
3'55 atoms of oxygen per molecule of wocyanine, was added. 

hohtion of l-M ethi/l-2-quinoli'ne .—Aiiti the addition of the per- 
iiiauganate solution was complete, the precipitated manganese 
dioxide was removed, and the pale brown filtrate was extracted with 
chloroform. The chloroform solution, after being dried with potass- 
ium carbonate, was evaporated ; the brown residue, placed in a 
vac\mm desiccator over solid paraffin and sulphuric acid, became 
solid after some days. Extraction, of the residue with light petrol- 
eum (b. p. 40 — 60*^) gave a pale yellow solution, which, on cooling, 
deposited a substance crystallising in long, colourless needles. After 
recrystallisation from light petroleum, this substance melted at 
73 -74°, which is the melting point of l-methyl-2-quinolone (Knorr 
and Rabe, Ber., 1897, 30 , 930). The analytical results agreed with 
those required for this compound. (Found, C = 75'75 ; H = 5*7. 
C^^gHgON requires C — 75‘43j H = 5‘7 per cent.) 

The hydrochloride obtained by treating the quinolone with hydro- 
chloric acid melted at 110 113° and the mercurichloride at 189°. 
The melting points recorded for these compounds are 112° and 189° 
(Ostermayer, Ber., J885, 18 , 595; Friedlander and Muller, Ber., 
1887, 20 , 2010). 

A specimen of l-methyl-2-quinolone was then prepared from quin- 
oline meth iodide by oxidation with alkaline potassium ferri cyanide 
as described by Decker (J. pr. Chem., 1893, [ii], 47 , 31), and a 
comparison of this with the compound obtained from the f^ocyanine 
and, in particular, the agreement of the mixed melting points of the 
bases, the hydrochlorides, and the mercuri chlorides with those of 
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the separate substances left no doubt as to the identity of Uie iwo 
compounds. From 5 grams of dimethyl /^ocyanine iodide 1 
grams of crude metliylquinolone were obtained. This weight is 
79 — 80 per cent, of the theoretical amount. 

IsolaUofi of Cinchoniv A ad Methochloruh . — After the removal of 
the mebhylquinolone by extraction with chloroform the weakly 
alkaline liquid was acidified with hydrochloiic acid and boiled for 
an hour with animal charcoal (5 grains). The nearly colourless 
filtrate from the charcoal was then evaporated to dryness and lln^ 
residue extracted with absolute alcohol. The alcoholic extract having 
been concentrated to a volume of about 7 c.c., two volumes of cl her 
were gradually added, when a llocculent precipitate of cirichonic 
acid methochloride was formed, which was collected and drietl; 1'7 
grams w'ere thus obtained from 5 grams of dimethyl iweyanin? 
iodide, a weight which corresponds with 69- 70 per cent, of the 
theoretical amount. 

As ciiichonic acid methochloride is too soluble to be readily 
reiu’ystallised, it was converted into the corresponding met h iodide 
and methylbelaine, and the identification of these compounds was 
effected in the following manner. 

Cine/ionic Arid M etkiodide. — This substance was obtained bv 
adding 1 c.c. of a saturated solution of potassium iodide to a con- 
centrated aqueous solution of the chloride (T5 grams) slightly acidi 
fied with hydrochloric acid- The yellow, crystalline precipitate 
cr}'stallised from alcohol in fine yellow needles melting at 222^, 
which is the melting point of cinch on ic acid methiodid© (H. Meyer. 
Moriatsh., 1903, 24 , 201). A specimen of cinch onic add methiodide 
(h) was prepared from cinchonic acid as described by H. Meyer 
(loc. cit.), and the synthesised compound was carefully compared 
with that obtained from dim ethyl /iocyanine iodide (a). Both sub- 
stances, as well as a mixture of the two, melted at 222*^, and both, 
air-dried under the same conditions, contained practically the same 
percentage of iodine. (Found, I — (a) 37'0, {b) 37 '3. Cj,Hjo02NI,Il20 
requires I — 38 1 per cent.) 

After drying at 110'^ and 10 mm.: Found, (a) C = 41‘5, H=:3‘5j 
{h) C = 41-5, H = 3-4. OiiHinOgNI requires C = 41-9; H-3-2 per 
cent. 

Gmchonk: Acid Methylhetainc. — The methiodide was converted 
into the corresponding betaine in the usual manner by treating it 
in aqueous solution with silver oxide and evaporating the filtrate to 
dryness over sulphuric acid in a vacuum. The betaine was purified 
by dissolving in absolute alcohol and precipitating with dry ether, 
and then formed colourless needles melting and decomposing at 
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(a). A specimen of ciuclionic acid methylbelaine, pre 
")ared in the same manner from the synthetic methiodide, 

jiieltod and decomposed at 222 — 223'^ (?;), and the mixture of the 
substances melted at the same temperature. Also close corre- 
spondence was shown in the behaviour of the two substances when 
heated side by side in the same bath, darkening beginning in each 
case, at 170°. Claus {An^rialtn, 1892, 270, 347) givc« the melting 
point of this compound, which varies somewhat with the rate of 
beating, as 236° (decoiuj).), and H. Meyer {l(u\ ni,) as 232° 
(JccoinpO- Both specimens of betaine wore analysed. (Found, 
C-70’4j H = 4’8; {1)) C = 70'6] H=-4‘85; requires 

tr^70'6; H = 4'8 per cent.). 

iVhen aqueous solutions of the betaine and picric acid are mixed 
ajiicrate is formed, crystallising in long, yellow needles, ISpecimens 
of this picrato prepared from the betaine from the tsocyanine and 
from the synthetic betaine both melted at 228°, and the melting 
j)oitit of a mixture showed no depression. 

The alcohol-ether solution from whicli the cinclionic acid metho- 
cliloridehad been precipitated cuiiiained a small quantity of another 
chloride melting at 193 -194° and giving a picrate melting at 
Ui-)— 161°. InsufTicient of this substance was obtained to allow of 
it« identification. It is, however, quite diHereut from quinaldinic 
acid methochloride. 

Univeksety Chemical Lacohatory, 

CAMBnmr.E. [Rerrived, Al^ril ISdi, 1920.1 


— Experiments on the Preparation iff Oxwiino- 
deiivatives. 

By William Kershaw Slater. 

The conversion of ketones into oximincKierivatives by the action 
of alkyl nitrites and mineral acids, in accordance with the general 
Wjuation 

+ Alk’O'NO =R‘CO-C(:NOn)-R' + Alk-OH, 
appears to have been first carried out almost simultaneously by 
Claiseu {Ber,, 1887, 20, 252) and Sandmeyer (ibkl,, 639). The 
method has since been extended to a large variety of ketones, but 
has proved to bo by no means generally a]>plicabl6. 

There is little in the work hitherto published on the subject 
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which Rentes to explain the variable yields obtained in different 
cases, or to make possible a reasonable forecast of the a,pproximate ^ 
conditions likely to ensure even a partial success in applying the 
method to a new ketone. 

Researches, on which the present author and others have been 
engaged for some time in these laboratories, have emphasised these 
defects in our very empirical knowledge of the reaction in question. 

Prof. Lap worth suggested that a comparative study of ketones 
of several different types should be undertaken, special attention 
being devoteKl to the influence of the mineral acid catalyst, tlie 
nature, concentration, and condition of which were evidently the 
most important factors in determining the course of the reaction 
and the yields obtained. The activity of the catalyst is deter> 
mined by many factors, and not least by the basic character of the- 
solvent. Variations in the activity of the catalyst might havp 
been avoided by working in aqueous solution, but, owing to the 
well-known depressant effect of water on the catalytic activity of 
hydrogen chloride, the quantity of catalyst required under these 
conditions is inconveniently large. In the less basic solvent, ether, 
the quantity of hydrogen chloride required is very small, but it? 
activity is seriously influenced by traces of water. 

Rther has, however, a further advantage in that it can be easily 
removed from the products, and. in consequence of this property, 
was adopted as the solvent. The alkyl nitrite employed was methyl 
nitrite, which the author some years ago had used with considerable 
success in unpublished researches carried out in conjunction with 
Prof. Lapworth. 


Preparation of Methyl Nitrite, 

The methyl nitrite was prepared by dropping sulphuric acid 
(one part of acid to two of water) on a mixture of methyl alcohol 
and sodium nitrite in molecular proportions, diluted with its own 
volume of water. The mixture was heated on a water-bath and 
the vapour passed through a reflux condenser to retain the methyl 
alcohol. The methyl nitrite was then passed through a cooled 
U-tube containing glass wool, and finally through a calcinin 
chloride tube before it entered the absorption apparatus, which 
consisted of a gas jar fitted with a rubber stopper carrying a short, 
efficient condenser, a Witt stirrer sealed with light petroleum oil. 
and two lead tubes, one for methyl nitrite and the other for 
hydrogen chloride. 
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Mttho^l of carri/mg out the Reaction. 

The ketone under investigatian, dissolved in five times its own 
balk of ether, was placed in the reaction vessel, the stirrer started, 
and about 10 c,c. of hydrogen chloride were introduced. The 
stream of methyl nitrite was allowed to enter, and absorption took 
place rai)idly, the ethereal solution being drawn up the delivery 
fiilje if stream of gas was not maintained constant. 

It was found that in order to carry on the reaction, 10 c.c. of 
hydrogen chloride had to be added every fifteen minutes. This 
addition appeared to correspond with the rale at which the catalyst 
was used up. 

The reaction was continued until the solution would absorb no 
more methyl nitrite, which in the average case required from one 
and a half to two hours. The o.\innno-derivative was obtained by 
evaporating off the ether either in a stream of dry air or by gently 
heating on the water-bath. The subse<|uent treatment of the 
material depends on the individual ketone under investigation. 

The reaction was studied for four general classes of ketones, 

(1) ArybCO’CH3. Example, acetophenone, 

(‘2) AlkybCO'CH^. Example, acetone. 

(3) Alkyl* 00 *CH.2*CH3. Example, methyl ethyl ketone. 

(4) Aryl -CO* Clio* CH3. Example, propiophenone. 


0 xiviin oace t ophen 0 n c a nd 0 .ri m i noace fane. 

In a considerable number of uniform experiments, 10 grams of 
acetophenone gave, on evaporating methyl alcohol and ether, 
11 grams of oil, and this, after agitation with 10 per cent, sodium 
hydroxide and ether, was divided into 51 grams of unchanged 
ketone and 4'2 grams of oximinoacetophenone, corresponding with 
a conversion of about 40 per cent. Halving the concentration of 
hydrogen chloride led to a 20 per cent, yield, whilst doubling it 
not only failed to raise the yield above 40 per cent., but led to an 
increased production of by-products, amongst which is a lachrym- 
atory material. Furthermore, experiments with mixtures of the 
ketone and its oximino-derivative showed that with a constant 
coiioentration of the catalyst, action would not proceed after the 
above maximum had occurred. 

The case of acetone exactly resembled that of acetophenone, 
C grams of the oximino-derivative being obtained] the method is 
not so satisfactory as that of Tschugaev (-/. Rush. Phgs. Chem. 
Soc., 1910, 42 , 1466), depending on acetoftcetic ester. 
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Oximinomethyl Ethyl Ketme md Oximinoproj^phenme. 

These substances represent the second type of oompomid, i] 
which the reaction proceeds almost to completion. Ten grams oj 
methyl ethyl ketone yielded 13 '6 grama of the oximino-derivativ^ 
corresponding with a 97 per cent, yield. This oximino-deriv alive 
appeared to be much less sensitive to the hydrogen chloride thas 
those previously described. 

The case of propiophenone resembled that of methyl ethv 
ketone, but the yields were not so satisfactory, owing to the form 
ation of what the author believes to be the corresponding nit rose 
derivative. Five grams of propiophenone yielded G grams of oil 
which, on treatment with 10 per cent, sodium hydroxide and ethw. 
gave a bright bluish-green, ethereal solution. This solution \va; 
shaken with anhydrous sodium carbonate, and yielded 4 ‘5 grams 
of oximinopropiophenone, which corresponds with 75 per cent, oi 
the theoretical. 


Ethyl Oximinoacetoacetate. 

The application of the method to acetoaeetic ester resulted in 
the formation of the syn-oximino-derivative described bv 
Jovitschitscli [Ber., 1895, 28, 2685). 

Five grams of acetoaeetic ester yield 6 grams of an oil whicli 
consisted almost entirely of ethyl oximinoacetoacetate. 


Summary of Results. 

As the result of the investigation, it is possible to divide ketones 
into two general classes, namely, (1) those containing the group- 
ing R'CO'CITj, and (2) those containing the grouping 
R-CO-CHo'CHs. 

The oxi mi no- derivatives of the first class appear to be very 
sensitive to hydrogen chloride, and, consequently, it is advisable 
in dealing with ketones of this class to reduce the concentration of 
the catalyst to a minunum. 

The oxiniino-compounds of the second class are much more 
stable towards hydrogen chloride, and the concentration of tbe 
catalyst can be varied l)etween wide limits without materially 
influencing the end-product. 

It is hoped that these observations may serve as a guide wnen 
deails for the preparation of an unknown ox imi no-derivative are 
TeqVred, 
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Addendum, 

The Preparation of Cupferrm, 

The use of methyl nitrite was tried in the preparation of 
ipferron (ammonium salt of iV-nitrosO'j3-phenylhydroxylaTnine), 
id was attended by excellent results, as the following example 
ill indicate. 

'Ten grams of crude phenylhydroxyl amine, prepared by Marvel 
nd Kamm's Tnethod (,/. Amer. Chem. Soc., 1919, 41, 276), were 
issolvcd in ether, and the sodium chloride present in the crude 
laterial was filtered off (1 gram). The ethereal solution was first 
iturated with dry ammonia, and then, whilst the stream of 
mmoiha was continued, a stream of methyl nitrite was led 
iron oh. After a few minutes, a mass of lustrous ])late3 began 
> separate, and at the end of twenty minutes the reaction was 
implete. The eupferron was collected, washed with a little ether, 
nd dried. The yield was 12 grams, which is equal to 94 per cent, 
f the theoretical. The material obtained gave the characteristic 
pactions with copper and iron. 

In conclusion, the author wishes to acknowledge his thanks to 
hof, Lap worth for the assistance and advice which he has kindly 
iver during the progress of the research. 

The UNiTERsrry, 

Manchester. March 26<A, 1920.] 


AIV . — The Formation and Stability of Associated 
Aiicyclic Systems, Part 1. A System of 
Nomenclatw'e, and Some Derivatives of Metha^ie- 
ll-oydopropane and of MethaneAll-cychpropane. 

By Richard Moore Bees ley and Jocelyn Field Thorpe. 

X a series of papers entitled “ The Formation and Stability of 
p/ry-Coinpouiids,” of which Part II (T., 1919, 115, 320) has 
ccently been published, we propose to study the reactions of those 
ypical substances, known as compounds, which have one 
arbon atom common to two ring svstems as. for example, in the 
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ch/ >C<( 

(I.) 


■CU, 


CH, 


/CHg-CB,. m 

CH,( >CH*CH<; I 

^OHg'CH/ \(y 

(II.) 




CH . /CH 

I )ch-ch/i 
CH/ 

(HI.) 


compound I. In the present series it is proposed to investigate 
the properties of associated ring complexes, of which compounds II. 
Ill, and IV can be regarded as typical examples. It is desirable 


.CH/OH... 

ch/ 

(IV.) 


*\ch..ch/'\ 


Cllg'CH, 

CHji’O 


(V.) 


to retain this distinction, because the «pyro-compounds are, in their 
properties aJid reactions, quite different from ordinary ring com- 
pounds, and because they do not lend themselves to classification 
in accordance with the system of nomenclature which we are about 
to propose. Moreover, the present system for naming spiro-com- 
pounds is quite satisfactory, aa is shown by the name 5-cyc/ohexane- 
5 pifOtfyc/opentau- 3 “One, which adequately represents a compound oi 
formula V.* 

It is in the case of associated ring compounds that a really com 
prehensLve system of nomenclature is required, because the only 
proposals which have hitherto been brought forward do not seem 
to be entirely satisfactory. Thus Baeyer 1900, 33, 3771) has 

published a system in which dicyclic systems are considered- 
Baeyer's method depends on the fact that all dicyclic systems con- 
tain three bridged rings which render the compounds capable of 
being distinguished by the prefixes (0.1.2), (1.2.3), (0.1.4), and so 
forth, depending on whether the bridge is formed by the linking oi 
two tertiary carbon atoms (0) or whether it is itself formed by 1, h 
or more carbon atoms (compare T., 1901, 79, 731). This system » 
without doubt entirely satisfactory so far as dicyclic compounds aiT 

* If thought desirable, the spiro -compounds can be included in the new 
system proposed. For example, compound (V) would be 3 -ketobuiane- 
> MI^'’-cycfc>hexane, In fact, the Jpfro-structure would always be indicated 
by the repetition of the same index figure on the ring side of the Roman 
numeral. 
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and, although Baeyer statos in the last paragraph of 
his paper that it is also applicable to tricyclic systems, it is difficult 
to see how it can be extended without becoming extremely complex. 
Other suggestions have been made by Borsch e (.1 miaJen^ 1910, 377 , 
70) and by Bredt and Savelsberg (,/. /jr. Chem., 1918, [iij, 97 , 1), 
but the systems proposed by them are open to two real objections, 
namely, that terms such as methylene are used to denote ring- 
formation and not unsaturation, and that the names of the com- 
pounds do not provide any indication of the cyclic systems to 
which they belong. For example, the names proposed for pinene 
are: 

Bunche. l-Methyl-r‘‘^^^Ldimethylmethylei)e-A^('’’tcyc?ohexene. 

Brcdi and Savehherg. m-/«f’.'?oMethyleiie-4 : 1 : 2Mrimethylcy/7o- 
A*' -^-hexene. 

The name in accordance with the nomenclalure proposed in this 
paper would be dimethylmethane-II^: ^-4 -methyl -A*-r?/o/ohexenc, 
indicating that the uusaturated groupiing is in the cyc/ohexane ring, 
and that the compound belongs to a dicycUc system (II). It is 
evident, moreover, that the use of the word " meso/' which has 
another and totally different meaning, is an added objection to the 
system proposed by Bredt and Savelsberg. 

A still more complex example may he given in the case of the 
liycirocarbon, 

CM.,— CII-CIL 
[ ^ 

CMe, 

1 

UH —0 Cil 

“ 1 / 

CM/ 

wliieh Bredt and Savelsberg propose to call yy ///csomethylene-l : 1- 
dimet-hylryc7ohexaiie'aw/,jfMz-2" : 3'"-methylene, but would, by our 
system , be n am ed me th ane>-I I ^ = ^-r// r^ohex an e- ^ ^ 1 1 - d i m ethy 1 - 
methane. 

The system now proposed by us appears to be capable of inde- 
finite ext^ension to alicyclic compounds containing any number cf 
associated rings. It may be briefly outlined as follows : 

A compound containing associated rings may be of two kinds, 

(A) It may be formed from a simple ring compound having a 
side-chain of carbon atoms from which another ring is produced by 
a linking between another carbon atom of the ring and another 
of the sido-diaiii, thus : 
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CH/CH, 


/ 


CH-CHg-OHj-CHg 

(VI.) 


CHj'CHg. 

ch.-chZ_ .J ^ 

(VII) 

CFIa-CIT,v 

—.y 

(VIII) 

CH.-CH^v 

I )CH-CH,-CH, 
CB-CW CH, 

(IX.) 


In these cases the side-chain and the ring would be given theii- 
usual names, the number of linkings joijiing the two would be indi 
cated by a Roman numeral and the carbon atoms of the two series 
participating in the ring complex would be indicated by means of 
index figures written at the side of the numeral on which the parti 
cular residue is placed. In this way : 

(VII) is Ethylmetliane-ir ' ^-ryc/f/pentane.* 

(VIII) is 2-Methylethane^-^ = ^-cycZopentane. 

(TX) is propane-^ = ^II^ = ^-cyc/opentane. 

It is evident that under this scheme compound VI rvould l>e pro- 
pan e-^l^'cyc^opentane, but as this hydrocarbon does nob contain 
associated rings there is no need to alter the existing nomenclature 
of the type, that is, for example, 7J.-propylcyc^op©ntane. 

The naming of derivatives would then follow in the ordinary way, 
the groups in each portion being treated as at present; thus (.1) is 

CHMe-CH^. 0HBr‘CH(C02H). 

I ^CH-CHOr I ^CH-CHg-ClHg 

CHg — CEr"^ CHMe CH^ CMe'^- -CH^ 

(A.) {B.} 


CH.-CH,. 

I ^CH-CH-CH-COgH 

CH^-CMe- CH, 

(C.) 


l-brorno-2-methylethanev-^ ■ ^II^ • 2-2-bromo-4“methyh;y6'/opeiitane, (^) 
is propane-^ = ^11^ = 2 . 4 , ]ji.Qjyi(;^2-methy ley c/opentane-5 -carboxylic acid, 
and (C) is 2-carlx>xypropane^^ • * ^-2'Tnethylcyt’/opentane, ft 

will be noticed that the index figures, taken in order on either side 

• In the case of methane derivatives it is unnecessary to show index 
figures on the methane side of the Roman numeral as the linkings can only 
emerge from one carbon atom. 
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of the Roman numeral, show, in each case, the actual carbon atoms 
linked. 

Jf a second, third, or n-th ring is formed by the linking of more 
carbon atoms of the original ring and side-chain, the procedure is 
the same; thus, {D) is methylmethane-IIP ' 2 = ^.p^c/Qp^iitane, {E) is 
CHg-CH^ , 

I >GH*CMe 

1/ _ t 


W 

CH ■ 

Ch/ ^Cll-CII'CHMe 

\ch/ - - ! 

(«.) 


/CH\ 
ch/ >. 
on 


:CH-CH 


CllMe 


•J-iuethylethane-’’ ' ^ ■ ^-ryr/obutano, 

1 ; { : 2 : sjv* : 5 . 2 : s.^yc/opeiitaue, and (G) is 
1 : 2 : 3 : 4 : 5 ; 6^cyc?ohexane. 


(F) is 

ethanC'^ • ’ • 


propanc- 

:2:3:2VI- 


ch: 


CK-CH 

/I I \ 
C— Cb \ 

\i 1 

CH CH 
(«•) 


CH 


CH^Cllv , 

CH^ 

It is true that this system of nomenclature could bo simplillcd 
and still rendered quite intelligible by omitting the Roman numeral 
and leaving the index figures to denote the carbon atoms involved, 
thus, ethane-^' = 2: 2 ) (i: 2 ; but it is thought that the 

inclusion of the numeral will make for clearness, especially when 
derivatives are being named ; moreover, the presence of the numeral 
will at once indicate the class to which the compound belongs. It is 
also evident that the first index figure, on either side of the Roman 
numeral, might he omitted, because, since the numbering in each 
series starts with the linked carbon atoms, this must necessarily be 
1 in every case. Here again, however, it is thought that the assist- 
ance given to the eye warrants its inclusion. 

(B) The associated ring compound may be formed by linking 
pairs of carbon atoms in a ring to which another ring is already 
attached, as, for example, in substance (X). Here again the system 


I ' "'Xni 


CHv 


t/ 


CH 


)CH-CH( I I >UH'CH( 1 

■•ch/ \ch, ch„-ch/ ^oir^ 

(X.) m 

is the same, and (//) is cyclopropane-^ * -I H ■ - n/c/ypentane, (J) is 
CE CH 


\uH 

(/.) 


- /CH /CR-CH 

I NcH-Ch/ I • CH;: - ch; i CHoC >CH, 

CH.^CH/- Vm \t , 

OH CH 

(X) 


^'^ch-cr/ 

(XI.) 
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tv/fi/opropane-* • - =^111^ = ^ {K) is oyc/opropaiie-i ; -• 
nil : 2: s.^y^.^opropane, and (XI) is cyclopropane-^ = • 2 .,. 

propane, the nomenclature of derivatives being the same as already 
illustrated under class (A). 

It may happen that a compound can be assigned to both class (A) 
and class (B), but no difficulties present themselves in such cases 
for example, (XII) is methane-IP = ^-cyc/obutane-^ ' ^ • *Iir ; 2: 3 


CH,~C. /OH 

i “ >aH'CH( I 

CH'CH/- -NoH 

(XII. } 


I l> 

CH2-C/ 


CH-CH 



(XIII.) 


^ 7 /f b/])ropane, and (XIII) is ethane--^ ' “II^= ^-cyc/op ropane ' = 3] jp 

^ : '^-^yc/opropane. 

It will be noticed that compound X (p, 595) would be called, 
under the system proposed, cyc/opropane-^I^-cyc/opentane, and not, 
as at present, cyc/opropylcyc/opentane. As in this case two asso- 
ciated rings are present, it is probably desirable to adopt the new 
method of nomenclature. 

Regarding the rules to be observed when naming a compound, 
little ambiguity can exist in connexion with those substances which 
fall within class (A). These compounds form dicyclic systems when 
two linkings couple the side- chain and the ring, and tricyclic, tetra- 
cyclic systems, and so forth, wffien three, four, or more carbon atoms 
are linked together. The only rules which appear to be necessary 
are: (1) That one of the linked carbon atoms in the ring should be 
called 1 , and that the corresponding carbon atom in the chain 
should be also called 1 . The numbering yvould then proceed in 
the ring clockwise, and in the side-chain in the usual manner. 
( 11 ) That the name of the simplest portion of the chain entering into 
ring formation should be used first, and any attached groups should 
be named as derivatives of the simplest chain; thus, (A) would be 


/CKg-CH. ( 

CH./ >CH-UH-CHMe 

\CH2*CH/ I 

(A.) 


2-uiethylethane-^ = -HR ' 2 ; '^-cyclohexane, and not propane-' ■ 

> • 2: fi-cyr/ohexane, or, to take two typical examples, {M) would be 


.CHg-CHsv 

CMe(;— CMe,-^CH 

^co-cn./ 

{M.) 


CIVte,< 


C(C02H)'CH2 
UH (I'iJg 




diniebhylmethane-lR • *-l-methylcyc/ohexan-2-onej not ethane-* - 
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1 r 8 . 2 : 2 : 3-tnmethylc3/c^opeiitan'4-oue, and (iV) would bo dimothyl- 
metbane-II^' -carboxylic acid, and notp ethane- 
]; 2 IP *^-2 ; 2 -dimetbylcj/c^opr op aue- 3 -carboxylic acid. With those 
compounds falling within class (B), the rules are the same. Thus 
the simplest ring should always be taken first, and the numbering 
should start from two linked carbon atoms, one in each ring, and 
proceed clockwise, thus, (0) should he cyclopropane-^ ■ - ■ ^III^ 




CH,*CH^r ^ /CH 
Noh*ch( j 


\cHj-Cn/ 

“ m 




CH-C^v- — - 

ch-or/- 

iP^) 


.C-GH., 

i I 

C'CH^ 


<v/c/ohexan6, and not cyc/ohexane-^ = 2 : emi : 2 : 3-f;y^;/opropane. 
When naming a new compound, the first point to ascertain is 
wliether it falls within class (A) or class (B), or whether it is made 
up of both these types. If the latter, the system should be 
analysed, and the name should start with the simplest system 
lielonging to class (A) involved, as in examples (XII) and (XIII) 
on page 596. In some highly complex cases it will again be 
necessary to bring in class (A) at the end of the name, as, for 
example, in the compound (P), in which both ends belong to class 

(A) and the middle portion to class (B) ; the name of this sul> 

staiice would be metbane-II^ = ^-cyc/obntane-^ = 2 : 4ijii : 3 : '*.cyclo- 
propane-2 = ; S-githane. 

Tn some cases it will happen that a substance, whilst capable of 
being assigned to a single class, that is, to either (A) or (B), can 
also be derived from the mixed type composed of both (A) and 

(B) . Such is the case with the compound (XI) on page 595, which 
can equally well be named methane-II^' ^-cyc/abutane-'^ — 11- 
methane. The rule should always be, however, to assign a sub- 
stance to a single class, if passible, rather than to introduce the 
mixed type. 

A system such as that outlined above seems to serve as a ready 
means for naming substances liaving associated rings, many of which 
are certain to he made and studied in the near future. It should 
be point ed out, in passing, that where double linkings occur between 
two carbon atoms in the system, the fact will be evident by the 
occurrence of consecutive recurring figures in the same positions on 
either side of the Roman numeral j thus, (t?) is 2-m6thylethane- 


. - C-.- CMe 

cny ^CH-CR.2 

CHg 

m 


/ 


-cv 


CH,( VH'CH. 

\ch/ 

■B.) 


/r 


'CH, 
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I ; 2 : 2 JIJ 1 : 4 : and (/if) is cj^c^opropane-^ = ^ = *Uir ; 2: ^ 
r-yr/apropane. 

It may be added that the scheme proposed in this paper can also 
bo applied to complex heterocyclic systems; thus, tropine would he 

OH,-CH — CH, CHs-CH — DH, 

j 1 I ^ j I I * 

NMe CH-OH NMe CH-OBz 

III III 


Tropine. Tropacoeaine. 

methylamine-TI^' •''•3-hydroxy a/f'/oheptane, tropacoeaine would be 


— OH, 


I NMe 
OH 'OH- 


00 
OH, 

Tropinone. 


Clf.'OH— 

I ^ I 
NMe 


.-OH — OH, 

Eegonine. 


CH'CO,H 
I ^ 
OH'OH 
I 


methylaminerll^ - ^'3-benzoyh;?/e/oheptane, 
CH,-OH — OH-tO.,Me 


tropinone would he 


NMe CH'OBz 

I I j 

I'H^-OH — OET, 
Cocaine. 


OH. 


N-[CHJ3'0Bz oh 

'OH OH 

Eccaine. 


“CH'CO.Et 
I 


metliylamine-IP = 5_cy(>/(/li0pt,an-3-one, eegonine would be methyl- 
amine'II' ■ •‘'-cy6‘/oheptan“3'Ol-2-carboxylic acid, cocaine would be 
methyl methylamine - = ^-3-benzoylcyc^oheptane- 4 - carboxylate. 

and eccaine, ethyl y-benzoylpropylaniiue^IH^ S'A^'Cy<‘/aheptene2- 
carboxylate. 

We have been led to propose this system of nomenclature in order 
to name certain compounds, belonging to two of the simpler series 
of associated rings, which are described in this paper, and for which 
no adequate system of nomenclatnie exists. A brief mention of one 
of these compounds was made in the Fruceedings (1913, 29 , 346), 
but the war and the necessity for preparing considerable qiiautitirg 
of material has delayed publication until now. 

The starting point is ^^-dimethylpropanetricarboxylic acid 
(XIV) (Thorpe and Wood, T., 1913, 103 , 1583), which can be con- 
verted into the dibromo-ethyl ester (XV) on treatment with bromine 
and phosphorus pentabromide under special conditions described iti 
the experiraent.al part. If this bronio-esier is t reated with pyridine 
it is converted into the di-lactone ester (XVI), from which the acid 
(XVII) can be obtained on hydrolysis. 

/CH^'COgH /CHPrCOjEt 

CMe^CH^'COgH CMe^CHBr‘CO,Et 

\CH,-C02H ^CHg'COjEt 

(XIV.) (XV.) 
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O-'-CH-CO 
I I I 

(JO (> 

1 I I 

CH/OMe-OH-CO.Et 

(XVL) 


0 — CH-CO 
I I 1 
(JO O 

(xvri.) 


If, however, the bromo-ester (XV) is treated with concentrated 
aqueous potassium hydroxide at a high temperature it is converberl 
into the acid (XVIII), for which the name carboxymethane-II^ ’• ^-3- 
ti)et]iylcyc'?opropane-l : 2-dicarboxylic acid is proposed. This acid 


OH*CO,H 

CMe/c-COaH 

(XVIII.) 


CH CO 

H (J 

\i ^ 1 

CH CO 

(XIX.) 


is a remarkable substance, aiid is, we believe, the first of its type 
to be prepared. It contains two asymmetric carbon atoms, marked 
above with asterisks, and should, therefore, exist in cts- and trans- 
fonus corresponding with the two inactive forms of tartaric acid. 
On tlie other hand, there is no possibility of free rotation about 
these two carbon atoms owing to their pai'ticipation iu the double- 
ring formation. The acid should , therefore, also exist in two forms 
corresponding with fumaric and maleic acids. An examination of 
the following figures shows, however, that three inactive forms only 
are theoretically possible: 


ir' 


CVle 



CO, II CO, 11 II 

(<J> 


CMo 


C\le 


^ «; -A 

c co,H..c, t: CO, II 

CO,H II li CO,H CO=H H CO„h"h 
(/J ^ (C> 


One of these, that represented by Fig. a, might be expected to 
give an anhydro-acid with great readiness, f and, of the other two, 
that represented by Fig. c might also be expected to give an 
auliydro-acid, but with less readiness than the acid of Fig. a. The 
acid of Fig. is, as a niatter of fact, similar in structure to cw;- 
norpinie acid which, as Ferkiu and Simonseii have shown (T., 1909, 
95, 1170), is converted into the anhydride when heated in a sealed 
tube with acetic anhydride at 220^, On the other hand, the acid 

’ * The fourth possible form in the mirror image of Fig. c. 

t The two asymmetric carbon atoms arc evidently brought into close 
proximity by the closing of the second ci/riopropane ring. This fact, which 
can be easily demonstrated on the models, is well illustrated by the experi- 
mentis described in this paper {see note by C. K. Ingold, p. 603). 
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represented by Fig. h should not give an anhydro-acid unless the 
carboxyl group attached to one of the asymmetric carbon atoms 
entered into combination with the carboxyl group attached to the 
tertiary carbon atom at the far angle of the system, a contiugenev 
which, as will be shown later, is extremely unlikely because the 
tribasic acid (XXVIII) (p, 602), in which the third ring is formed, 
shows no tendency to pass into an anhydro-acid. We have therefore 
assigned the formula XIX to both the anhydroacids which we 
have prepared. 

The add of formula XVIII can, as a matter of fact, be isolated 
in three distinct modifications, melting at 193°, 165°, and at 154^ 
respectively. The acid melting at 154° passes into the anhydro- 
acid melting at 103° when it is heated a few degrees above its melt- 
ing point, It therefore, in all probability, has a structure repre- 
sented by Fig. a. The acid melting at 165° also gives an anhydro- 
acid (melting at 121°), but only does so when it is heated in a 
sealed tube with acetic anhydride at 200°, The acid has therefore 
the structure shown in Fig. c. Finally, the add melting at 193^, 
which shows no tendency whatever to yield an anhydro-acid, in all 
probability has the structure given in Fig. 6. 

The anhydro-adds are each converted into the adds, from which 
they are derived, on boiling with water, but we have not as yet 
succeeded in finding the conditions under which the three acids are 
converted the one into the other. This is probably in part due to 
the fact that one cannot subject the acids to the usual conditions 
which convert ck- into ^mw6'-forms, such as prolonged heating with 
hydrochloric acid or hydrobromic acid in a sealed tube, because 
under these conditions all three modifications are transformed into 
the di-lactonic acid (XVII), a fact which dearly shows that the 
stiuctures assigned to them by us are correct. There may, how- 
ever, be some fundamental reason why the intercouversion of these 
three forms is impossible, because it will be noticed that, in an acid 
of formula XVIII, the ring must be broken before free rotation, a 
condition which is presumably necessary for intercouversion, can 
ensue, and sijice it is evident that the lactone form is more stable 
than the ring complex, it follows that all attempts to bring about 
iutercon version of the three forms will lead to the fission of the 
carbon ring systems. 

As it happens, the three adds are all produced in the original 
reaction and in, so far as w'e can judge, about equal proportions. 
Their separation is a simple matter because the acids themselves 
are insoluble in dry ether, whereas the an hydro-adds are readily 
soluble in this solvent. It is only necessary, therefore, to heat the 
mixed acids, extract the anhydro-add of the acid melting at 154^ 
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then to treat the residue with acetic anhydride, and, after extract- 
ing the anhydro-acid of the add melting at 165°, to leave the add 
melting at 193^ in a coniparatively pure condition.* 

It follows from the fact described ahove that an acid of formula 
XVril, although containing only two asymmetric carbon atoms, 
can exist in three inactive forms. The mirror images of two of these 
forms, namely, those represented hy Figs, a and h, that is to say, 
the acids melting at 193° and 154° respectively, are superimposable. 
They are therefore not resolvable. On the other hand, the mirror 
images of the acid represented by Fig. c are not superimposable, 
and this acid, which is that melting at 165°, is probably capable of 
resolution in its optical enantiomorphs. As regards their general 
behaviour, the three acids are comparatively stable substances- 
They do not, for example, reduce alkaline permanganate in tlie cold 
and do not decolorise bromine. 

Except when heated in a sealed tube with either concentrated 
hydrochloric or hydrobromic acids, when they are converted, as 
already mentioned, into the di-lactoihc acid (XVII), they remain 
unaltered even after prolonged boiling with aqueous acids or 
alkalis. 

A very remarkable coufirmatioji of the correctness of the formula 
assigned to these acids by us is atlorded by a study of their 
behaviour on brominatiuii. When, for example, the acid melting at 
154 is treated with the right quantity of phosphorus pentabromide - 
and bromine to form the inonobromo-acid bromide and the product 
is poured into alcohol, the bromo-ester (XXI) is obtained. 


6o,Et^ 

Bb CO,Et C'aEt H 




C 

Br CO, 11 


CO.H 


C 

CC,H II 



C C 

Br CO-0— CO ir 


(XXI.) (xxiL) (xxni.) 

This bromo-ester is not altered by boiling pyridine, and when 
hydrolysed by alkali hydroxide yields the bromo-acid (XXII), The 
bromine atom in this compound is extremely uureactive, and is not 
attacked by any of the usual reagents, although the add is readily 
converted into the anhydro-acid (XXIII) oii treatment with acetyl 
chloride. 

The acid melting at 165°, when treated in the same way, is con- 

* Wo propose to name the acid melting at 154® the meso-CiVacid, that 
me tmg at 193® the »iefio-imn$-acid, and that molting at 165® the racemic 
acid. 

VOL. CXVII Z 
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verted into a similar bromo-ester (XXIV), which, when boiled with 
pyridine, passes into the lactonic ethyl estpr (XXV), from which 
the lactonic acid (XXVI) can be prepared on hydrolysis. 



CO^Et Br fl VO U (10,110 (Q U 


(XXIV.) (XXV.) (XXVI.) 


When the acid melting at 193° is treated with phosphorus peiita- 
bromide and bromine, and the prcxluct is poured into alcohol, an 
oil is obtained which is free from bromine. This oil is evidently the 


com pound XXVII, since 
lysis. 

it yields the acid (XXVIII) on hydro- 


CNie 


1 

(■ 



. cojir - 1 

r 

{ C ■“ c 

coi-;- 

lUi! co.ii 

(XXVIL) 

(xxvni.) 


The acid (XXVIII), for which we propose the name methyl- 
methane-II = ^-m/c/opro})ane-l : 2 : 3-lricarboxyIio acid, is idejitical 
with that already briefly mentioned in the Frocccdiuf/s (/oc. at.). 
It is also formed, but only in small quantities, when )3)3-dimethyl- 
propanetricarboxylic acid (XIV) is converted into its tribromo-ethyl 
ester (XXIX), and this is treated with concentrated aqueous alkali 
hydroxide at a high temperature. When boiled with pyridine, the 
tribromo-ester is converted into the tri-lactone (XXX) (m. p. 182°). 

0 CH — CO 

1 I t 

CO 0 

(^H— JMe— CH 
I I 

U CO 

(XXI X.) (XXX.) 

Methylmethaiie-in^ ■ - = cyc/^propane-l : 2 : 3-tricarboxylic acid 
could be isolated in only one form. It does not yield an aiihydio- 
acid even when heated with acetic anhydride at a high temperature 
It does not rexiuce alkaline permanganate in the cold, but is oxidised 
on heating, yielding methylsuccinic acid, together with other pro- 
ducts which were not identified ; it does not decolorise bromine. If 


/CHBr-CO.,Et 
CxMe( CHBr-CO,Etj 
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is stable towards boiling acids and alkalis, but when heated in a 
sealed tube, with either concentrated hydrochloric or hydrobromic 
acids, it is completely converted into the tridactone melting at 206° 
(XXX). 

[The following note has been written by Mr. C. K. Incold.] 

Ill the paper already mentioned (Joe. certain alicyclic ring 

structures were examined in the light of the liypoth^is that the 
resultant lines of action of the forces of valency in such carbon 
are not straight lines, but arc more or less deeply curved, 
the amount of curvature being determined by an eq^nlibriuin in 
'he distribution of the strains of the ring. In any ring, such as 
the ryc/opropane ring represented in Fig. 1, if the whole of the 

Fig. I. Fig. 2. 


Ip 



distortion were borne by the atoms, the valency resultants would 
lie along the shortest possible paths, the straight lines AB, BC, 
CA. The pair of valencies AB^ AC, for example, would in this 
case emerge from the carbon atom A. at a considerably smaller 
inclination than do the corresponding unstrained directions Ah, 
dc. If, oil the other hand, the whole of the distortion resided on 
the valencies, so that the directions of emergence from each carbon 
atom were the unstrained directions Ah, dr, etc., inclined to one 
another at the normal tetrahedral angle (2 co.-h\V3 - I09°28d6"), 
the valency resultants themselves would pursue paths of Jiiaxiinuin 
curvature the terminal tangents of which are the unstrained direc- 
tions ill question. Previous experiments have indicated (T., 191D, 
lJ-5, 323) that the distortion lies neither wholly on the atoms 
uor wholly on the valencies, but partly on both, in which case the 
true paths of the valency resultants must he curves, such as the 

z 2 
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dotted Uiiea in Fig. 1 are drawn to represent, lying between tie 
limiting straight paths on the one hand and the paths of maximmn 
possible curvature on the other. The terminal tangents of these 
true (dotted) paths will therefore be inclined at each carbon atom 
at some angle intermediate between 60° and 2cos"’^\/3. 

In any simple carbon ring such as the above, it is clear, both 
from symmetry and from the mechanical equilibrium of the carbon 
atoms, that all the limiting curved paths must lie in the same 
plane with the straight paths. The consideration of a more com- 
plex system, such as the ^/icyc/obutane ring (Fig. 2), is, on the 
other hand, complicated by the fact that the limiting straight 
paths ABy BCy CM, Bl), J)A lie in two planes, and the limitimr 
curved paths iu three. The curved paths AC, BC, for example, 
will, from the mechanical equilibrium of the carbon atom, C, lie 
in tho plane ABC. For similar reasons, the curved paths Ah, 
BU will lie in the plane ABD, Both symmetry and the 
mechanical equilibrium of the carbon atoms A and B require that 
the curved path AB shall occupy a plane which bisects the angle 
between the planes of the two component ryefoj^ropane rings ABV 
and ABD. 

It is of considerable interest to calculate the angle at which ihs 
planes of the two eyefopropano rings arc inclined. To do this, we 
have to consider in turn the tw^o limiting conditions imposed by 
the equilibrium in the strain distribution. 

Take, first, the case in which all the valency paths are straight 
The carbon atom A will have its four valencies emanating in the 
directions Aa, AB, AC, AD. In accordance with a hypolheds 
which was made the subject of a previous communication (T., 
1915, 107 , 1080), these four directions will set themselves in such 
a way that, whilst the angle BAC is 60° and the angle BAB ij 
60°, the angles between every other pair of valencies (namely, the 
angles aAB, a AC, aAD, and CAD) will bo equal. Describe a 
sphere round .1 as centre, and let the lines .4a, AB, AC, AT) cut 
it at iA , B’ y CA y D' , respectively. Joining these points by arcs of 
great circles, we obtain the series of spherical triangles repre- 
sented in Fig. 3, in which the sides B^C^ and B^D^ are each 60^ 
whilst the sides (iJ A ' , a'CA , a' D' , C^D’ are all equal, say, to 
The angle at B^ of the spherical triangle C^B‘D' is the angle 
between the planes ABC and ABD, that is to say, it is the angle, 
2(f>y which it is intended to calculate. 

From the spherical triangle cAB^C^ we have 


cos (180° - <!>) 


(1 - cos 60°) , cos 2$ 
sin 60° . sin 2$ ’ 
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and from the spherical triangle 


cos2<^ = 


cos 2S- cos^ 
sin^ 60 '^ 


These equations transform into 


and 


sin 0 
sin (fi 
cot 2^ 
cos (ji 


sin GO® 

sin 60J 
cos 60® - i 


Eliminating from the last two equations the angle (j), we obtain a 
cubic in cos 20, 

2 cos® 2$ + 2 cos2 20 - 2 cos 20 - 1 = 0, 


Fra. 3 . Fig, 4 . 




ihe exact solution of which is 



where i is the square root of minus one. This is the irreducible 
case of Cardanos solution. Kxtracting the real roots by 
De Moivre a theorem, we obtain 

cos 20 = f cos I -- cos 20 = ~ cos ^ 1 cos 20 = cos ^ ^ 

o o uJJ 0 o o 

where tan ^ ^ ^64 - ^ . 

The second of these three roots leads to an imaginary value of 
The first aud third correspond with real angles, but the latter 
alone satisfies the pair of original equations from which the cubic 
was derived. We therefore have, since | = 8i°0'39", that 
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and by substitution, 2^ = 150°32''28■^ The latter 
angle is the angle between the planes of the two cyr/opropan^ 
rings calculated on the assumption that all the valency resultants 
follow their limiting straight paths. 

Now suppose that all the valency resultants follow their limitin? 
curved paths. The four valencies of the carbon atom A (Fig. O) 
will emerge from that atom in the tangential directions A a, ,4/, 
Ae, Ad, inclined to one another at the normal t<etrahcdral angle. 
If we describe a sphere roiind A as centre and join the points 
rt/, Id, (•', W, in which the lines A a, Ah, .1 c, Ad cut the spherical 
surface by arcs of great circles, we obtain, as before, a network of 
spherical triangles (Fig. 4) the sides of which are all equal to 
2a- 2 cos-^ J V 3. If 2/2 is the aiigle at h' of the spherical triangle 
dhUV , we have, as before, 


whicli, since sin a 


sin a 
8in/3 

= and sin 2a 

V3 


— sin 2 a, 
q 


gives 2/3 = 120°. 


This is the angle between the planes hAc and hAd (Fig. 2). To 
obtain from it the angle between the planes BA(J and v.e 

notice tliat the plane hA H bisects the angle between the plane.; 
hAc and hAd, so that if Ali cuts the sphere in (Fig. 4), llien 
this point must lie on the median from Id of the spherical triaiigk 
IdcUV ; also, if B' be joined to c’ and d-^ by arcs of great circle.^, 
the angular distances Bd:' and BdP will each be a + 30°, whicli 
completely defines the position of the point Bd The angle at W 
of the spherical triangle c^BdV is clearly the angle between the 
plane.s BAc, BAd, that is to say, it is the required angle between 
the planes BAC and BAD. If we call the angle in question 
then from the spherical triangle c'57/ we have 


sin 2a _ sin (a + 30°) 
sin (180° - sin/? 

in which a-2cos-iiv/3 and /3 = 60°. Hence 

The planes of the ci/riopropane rings ABC and ABD (Fig. 2) 
will therefore be inclined at the angle 150°32^28^' or the angle 
110'^940", according as the paths of the valency resnltaiits arc 
quite straight or curved to the maximum, and it is clear that ni 
the latter case the carbon atoms C and D will be nearer together 
than in the former. In all actual cases, the inclinations of th^ 
planes and the distance between the carbon atoms C and D >vill 
lie between these limits, the precise values being determined h} 
the strain equilibria. 
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The actual distance between the carbon atoms C and D can 
readily be calculated if we assume that a constant distance 
separates every pair of carbon atoms in direct combination. Men- 
tion has already been made (T., 1919, 115, 329) of certain experi- 
ments which indicate that in condensed alicyclic rings of this kind 
the distance between two carbon atoms directly combined is con- 
stant, or approximately so. Assuming, then, that the distance i.s 
constant and equal to />, we have that the distance between the 
carbon atoms C and J) is equal to p multiplied by the sine of 60*^ 
and by twice the sine of half the angle between the planes of the 
two cyclopropane rings. 

It is of interest to compare this distance with the distance 
between the a and oJ carbon atoms of a simple open-chain struc- 
ture, such as ?i -propane. To take specific cases, we find that the 
distance between the a- and carbon atoms of i3j3-dimethylglntaric 
acid (1) is equal to 2/3. v6-P~l'd33/>. Directly comparable 
with this is the distance between the tertiary carbon atoms of 
methyh/hv/r/obntanetricarboxylic acid (IT), This works out to 



(b) 


(II.) {tran.'i-ioTm ) 


l‘{j75p on thc' assumption that the ring-bound valency resultants 
follow their limiting straight paths, and to l-420p if we assume 
that the resultants follow their limiting paths having maximum 
curvature. If, therefore, the paths of the valency resultants in 
the c/icycfobutane acid (TI) are straight, or practically so, then 
the distance between the tertiary carbon atoms should be greater 
than the distance between the a- and abcarbun atoms of the 
glutaric acid (I). It should therefore be disiinctly a more difficult 
matter to establish a bond between the pair of carbon atoms in 
question in the former compound than in the latter. On the 
other hand, if the valency paths in the (/fcyc/obutane acid have 
the maximum of curvature, the distance between the carbon atoms 
will be much less than in the case of the glutaric acid, and it 
should be very much easier to bridge the dicj/clohuteme acid with 
the formation of the " caged ’’ acid (TV) than it is to bridge tlie 
glutaric acid system to form the cyc/opropane acid (III). 

As a matter of fact, all the exjieriments described in this paper 
with the ('/myefobutane acid (II) point in one direction, namely, 
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that the tertiary carbon atoms are much closer together than is 
the case with the a- and a^-carbon atoms of jS^S-dimethylglutaric 
acid. Bridging to form the caged acid (IV) appears to take place 



with remarkable readiness, and groups attached to the tertiary 
carbon atoms, if they are in cw-positions, possess a strong tendency 
to react with each other. 

It is clear from what has been said that, in order to explain 
this result, one has to assume that the paths of the valency 
resultants in the rficyc^obutane system have a considerable amount 
of curvature. We can place a lower limit on what this curvature 
must be by considering how much curvature would be nec^sary 
to give a distance between the tertiary carbon atoms of the 
rffcyc/obutane acid (IT) equal to r633/), the distance between the 
a- and a^-carbon atoms of dimcthylglutaric acid. Precise mathe- 
matical treatment would be lengthy, but an approximate estimate 
may be obtained if we take the curvatures of the valency path?, 
reckoned in per cents, of the possible maxima, to be a linear func- 
tion of the distance between the tertiary carbon atoms. Calcu- 
lating in this way, one finds that if the valencies of the ditydo- 
butane acid had curvatures equal to lG-5 per cent, of the maximum 
possible, the tertiary carbon atoms wmnld be just as far apart as 
the a- and a^-carbon atoms of dimethylglutaric acid. In view of 
the experimental evidence, we may therefore say that the 
curvatures are considerably greater than 16'5 per cent, of the 
theoretical maxima. 

The general inference seems to be that, in agreement with the 
conclusions reached as a result of certain studies made with spfro- 
compounds (T., 1919, 115 , 322), the paths of the valency resultant? 
in alicyclic ' rings are distinctly, and often considerably, curved. 
The present example is one of special interest on account of the 
fact that w.e are enabled to place a lower limit on the amount of 
curvature which actually exists in the constitution of the luolo- 
cular structure discussed. 

Whilst the above considerations lead to an intelligible view of 
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the experimental results, and have the merit of correlating them 
with certain previously ascertained facts regarding condensed 
alicyclic systems, there is another very simple way of looking at 
the present experimental data which ought not to be lost sight of 
in the absence of certain knowledge. One of the salient results of 
the experimental investigation is the great ease with which the 
fTO^wj-dicyc^obutane acid passes into the "caged’' acid. This fact 
can be strikingly brought out by making a single assumption with 
regard to the positions of the planes occupied by the valency direc- 
tions of the carbon atoms at the ends of the bridge-bond of the 
^/i-cyr^obutane structure. 



m (TO 


Considering, first, the caged structure A BCD (formula X), let 
AR and BS be the directions of the free valencie.s attached to the 
carbon atoms A and B. For the sake of simplicity, we may sup- 
pose all valency directions to be straight. Taking a plan-view 
(formula T) of the structure (that is, the view from some distant 
point on the projection of AB), we obtain three trace-lines, 
{AB)(ES), and (d /?)/>, corresponding with the three 

planes ABES, ABC, and ABD. If we assume that a constant 
distance separates every carbon atom in the " caged " structure 
from every other, we can show in a few steps that the angle 
between the planes ABC and ABD, that is, the angle C{AB)D in 
formula T, is coa~^(-]^), that is, 70°3F44'C This means that the 
angle between each of the other pairs of planes, namely, the angles 
{JiS)(^AB)G and {IiS){AB)D are each ecj^ual to 144°44^8'C 
Now suppose that the bond CD is broken, and suppose that the 
three planes ABRS^ ABC, and ABD maintain the same relative 
positions. This assumption is clearly the negation of the prin- 
ciple that valendee emerging from a carbon atom will set them- 
selves so that their directions (their initial directions if they are 
curved) are as evenly distributed in space as possible, for it has 
already been noticed that the r^iilt of applying this principle to 
Ike carbon atoms A and B leads to much higher values for the 
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angle between the planes ABC and ABB. One might attempt to 
justify the assumption, however, by supposing that all carbon 
atoms, even when not in direct combination, attract one another, 
and if they are near enough originally (that is, through the struc- 
ture of the substance) to be within the sphere of one another s 
influence, this attraction would tend to draw them nearer, and 
might ill the present case be suflicient to prevent the' planes .1 BC 
and ABD springing apart to a larger inclination when the bond 
CD is broken. Whether this is so or not, if the hypothesis that 
the planes ABHSy ABC, and ABT) retain the same relative inclin- 
ations is tentatively accepted, we have the obvious result that the 
distance between the carbon atoms C and B is the same in the 
f//c^c?obutane structure (formula Z) as it is in the ‘"caged” com- 



s 

(^) 

pound. If this is really the case, it gives particularly clear 
significance to the remarkable degree of facility with which the 
“caged” substance was formed. 

Experimental. 

(1) The Bihromiuatum of Add. 

I’Bhtfl ^^-])ibromoAnn('th}(J [iropdiK'tnrdrhoi: ylat e (XV, p. 599). 

This bromiiiatinn can be eflected by adding 317 grams of phos- 
phorus ])entabromifle to 50 grams of the acid contained in 3 
Geis'^ler flask, and then adding 80 grams of bromine gradually 
down the condenser tube. No bromine should bc' added until the 
contents of the flask, after the addition of the phosphorus penta- 
bromide, have become completely licpiid, and it should then be 
dropped iuto the flask very slowly, the temperature being kept as 
far as possible in the neighbourhood of 20°, The operation takes 
some little time, but it is essential to adhere to these conditiouf, 
otherwise a product containing the correct amount of bromine 
will not be obtained. After all the bromine has been added, the 
mixture may be warmed on the water-bath for half an hour, when 
it will be found that all free halogen has disappeared. The pm- 
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jiift is then poured slowly into three tiine« its volume of absolute 
alcohol, the temperature of the solution being kept below 25^^ 
throughout the operation. Afterwards, when the alcoholic solu- 
tion has remained at the ordinary temperature for twelve hours, 
water is added, the precipitated oil extracted with ether, the 
ethereal extract thoroughly washed, first witli water and then with 
dilute sodium carbonate solution, and the oily product isolated in 
the usual way. 

The dibromo-ester cannot be distilled without decomposition. 
When, for example, it is fractionated under diminished pressure, 
it yields a fraction of constant boiling i)Dint passing over at 225°/ 
15 lum., but this contains too little bromine, and can be proved lo 
contain considerable quantities of the di-lactone ester inelting at 
140° (q.v.), formed by the elimination of ethyl bromide during 
the process of distillation. As a matter of fact, the separation of 
the rli-lactone ester and the unchanged dibromo-ester in this mix- 
Uirc can be easily effeeted by the aid of cold benzene, in which the 
former is insoluble. The crude dibromo-ester is therefore not dis- 
tilled prior to analysis, but purified as far as possible by placing 
it ill an exhausted desiccator over ])otassium hydroxide for several 
days : 

O-St^O gave 0“28o3 AgBr. Br -.35-41. 

C]iH 220 ^,Br 2 retpiires Br = 35-9 per cent. 


The Dt-hactoiie nf ^^^Dihydroriidinieihfj'lpropai^ecarhetko'.ryili- 
car boxy lie Acid (XVI, p. 599). 


This substance can be prepared, as mentioned above, by dis- 
tilling the dibromo-ester under diminished pressure, but is best 
obtained in quantity by boiling 60 grams of the ester mixed with 
100 grams of pyridine for six hours on the sand-bath. The pro- 
duct is isolated by pouring it into dilute hydrochloric acid, ex- 
tracting the oil with ether, and washing the ethereal extract with 
dilute hydrochloric acid. The residue which is left after evapor- 
ating the ether from the dried solution is an oil, which distils at 
230°; 20 mm. and solidifies in the receiver. 


It crystallises from benzene in small, flattened needles, and from 
hot water in glistening plates melting at 140°: 


0T705 gave 0-3322 CO, and 0-0812 H,.0. C--53-11 ; H = 5-29. 

requires C=52-6; II = 5' 3 per cent. 

The compound dissolves in cold aqueous alkalis. 


z* 2 
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The Di’ladone of ^^-Dih^tlrox//di7}ieth^lpropanetrkarhoxffl{v 
iw/ (XVII, p. 599). 

The di'Iactoiiic ester is readily hydrolysed when it is 
with dilute hydrochloric acid (16 j>er cent, aqueous solution) for 
four hours, and the corresponding acid separates from the solution 
when if is evaporated to a small hulk. It crystallises from ethyl 
acetate in glistening needles, which melt at 186°: 

0-1269 gave 0-2230 CO, and 0 0470 H,0. C-47-92; H = 4-lo. 

CgHyOp requires C = 48 0; II — 4’0 per cent. 

The compound is not readily soluble in cold water, but quickly 
dissolves on wanning; it does not, however, separate from its hot 
concentrated aqueous solutions on cooling, and it is evident that 
some transformation into the hydroxy-acid takes place under these 
conditions. The well-defined needles fall to a fine powder, with- 
out loss of weight, when they are heated for a long time at 100° 
and it is probable, therefore, that at this temperature some change 
in crystalline fonn occurs. 

The silver salt, obtained from the neutral ammonium salt, ig a 
white, micro-crystalline precipitate, which is evidently the salt of 
the dihydroxy-tribasic acid: 

0'2783 gave 0-1615 Ag. Ag — 58-03. 

CgHr,OgAg 3 requires Ag = 58-2 per cent. 


The Three Sfe7'€ois07ne)ic Forms of C(iyl<mt/m.ethane‘\V-‘ ‘^-Z- 
meAkyhydoproixwc-\:%(Jicarloxylk Arid (XVIII, p. 599). 

It has already been shown (T., 1915, 107 , 1096) that the action 
of concentrated aqueous alkali hydroxide at a high temperature 
leads to the formation of carbon to carbon rings, even in those 
compounds in which the y- position of the bromine atoms would, 
under normal conditions, cause them to pass into the correspond 
ing lactones. The formation of the above acids instead of the 
lactone already described furnishes another example of the efficacy 
of this process. Actually, under the conditions described belo^v, 
no trace of the di-lactonic acid could be found in the product 
Sixty grams of potassium hydroxide are dissolved in 50 c.c. cf 
water, and the solution is evaporated over the free flame until it 
reaches a temperature of 150°. Fifteen grams of the dibronio- 
ester mixed with an equal volume of alcohol are now added as 
quickly as possible, consistent with safety, and the very vigorous 
reaction is allowed to subside. It is well to use a large flask for 
this operation, as the reaction is almost explosive in its violence, 
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and some of the material is apt to be lost by spurting. The three 
acids separate together when the concentrated aqueous solution is 
acidified with hydrochloric acid, and can be isolated in the follow- 
ing manner. The well-dried mixture is ground with an equal 
volume of clean, white sand and heated at 160°, with frequent 
stirring, for six hours. The cooled product is then ground, trans- 
ferred to a Soxhlet apparatus, and extracted with carefully dried 
and purified ether. The ethereal extract, on evaporation, leaves a 
solid residue, which yields the meso-cis-ac?V^ (formula [a], p. 599), 
ill slender neetlles, when it is boiled with a little water and the 
solution, mixed with an equal volume of concentrated hydrochloric 
acid, is allowed to cool. This acid melts at 154° and evolves steam 
at a few degrees above this temperature; 

0-1394 gave 0'2451 CO, and 0-0518 H,0. C-47“96; H = 4'13. 

CgHgOg requires 0^48-0^ H^4'0 per cent. 

The acid is insoluble in dry ether or benzene. It can be re- 
crystallised from concentrated aqueous solutions, but is best purified 
by recrystallisation from hydrochloric acid, 

The silver salt, prepared in the usual inaiuier, is a white, 
apparently amorphous, precipitate: 

0-3142 gave 0*1952 Ag. Ag-62-12. 

requires Ag~62-2 per cent. 

The, Anhydro-acul (XIX, p, 599, configuration [«]). — -The acid 
reacts readily with acetyl chloride at the teinperature of the boil- 
ing reagent, and the above substance remains as a white, crystal- 
line solid when the chloride is evaporated. It crystallises from 
benzene containing a little light petroleum (b, p. 60—80°) in small 
plates, which melt at 103° : 

0-1771 gave 0-3418 00^ and 0-0543 Iip. 52-64; H^3'41. 

CgHgOj require.^ C-52-7; H^3-3 per cent. 

The anhydro-acid when boiled with water yields the acid from 
which it was derived. 

The racemic acid (formula [c], p. 599) can be isolated in a 
similar manner from the sand remaining in the Soxhlet apparatus, 
and for this purpose the sand is transferre<l to a glass Carius tube, 
mixed with a sufficient quantity of acetic anhydride, and the sealed 
tube heated at 220° for six hours. The product is then freed 
from acetic anhydride by evaporation, the residue ground, and 
again extracted with dry ether in' a Soxhlet apparatus. In this 
case, it is best to purify the product left after evaporating the 
ether by recrystallisation from benzene, from which solvent it is 
obtained in lustrous plates melting at 121°. The following analysis 
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shows it is be the anhydro-acul of the racemic acid (XIX, p. 593 
configuration [c], p. 599) ; 

0-1737 gave 0-3344 CO. and 0-0531 H.O. C = 52‘50; 11 = 3-40. 

CgHyOj requires C = 5‘i‘7; H=^3-3 per cent. 

The anhydro-acid readily passes into solution when wanned with 
water, and the addition of an etpial volume of concentrated hydro- 
chloric acid ])recipitates the racemic acid in small prisms, which 
melt at 165^, the fused acid remaining unaltered at 300°: 

0-1305 gave 0-2294 CO. and 0 0484 Kp. C-47'95; n=4 iL>. 

CgHgO^; requires C = 48 0j H = 4-0 per cent. 

The acid is insoluble in dry ether or benzene. It is character- 
ised by giving an insoluble calcium salt., which is precipitated when < 
a neutral solution of the ammonium salt is boiled with calcium 
chloride solution. 

The adver salt is similar in appearance to that of the 
acid : 

0-2987 gave 0 1856 Ag, Ag~6213. 

Cj.H-P^Ag.^ requires Ag — 62 2 per cent. 

The meso-trans-m/V/ (formula [?^], p. 599) can be obtained from 
the sandy residue on extraction with hot water, and separates when 
concentrated hydrochloric acid is added to the solution previoudv 
concentrated by evaporation. It i.s appreciably less readily soluble 
in water than either the mc^o-cis' or (he racemic acid, ami can 
be recrystallised from this solvent. It is, however, advisable to 
use dilute hydrochloric acid for this purpose, when the acid is 
obtained as a crystalline powder which melts at 193°; 

0-1407 gave 0-2468 CO. and 0-0521 ILO. C~47'73.; II = 4’11. 

CgHjCh, requires 0 — 48 0; H-4'0 per ceJit. 

The add does not react with acetic anhydride at a high tempera- 
ture, and does not appear to possess any tendency towards 
anhydride formation. It can, as a matter of fact, be distilled in 
small quantities without undergoing any change. It is insoluble 
in dry ether and in benzene. 

The diver salt is a white, sandy powder : 

0-2489 gave 0-1544 Ag, Ag = 62-03. 

CgHp^jAgg requires Ag = 62-2 per cent. 

The add forms a characteristic calcium salt similar in appear- 
ance to that of the racemic acid, but differing from it in being 
precipitated when the solution containing the neutral ammonium 
salt and caldum chloride is boiled, and redissolving when it is 
cooled. 
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\ile.inyts to Convert the Three Stereokomeric Acuh into one 
another, leading to Fisdon of the Ring Systems. 

All three acids remain unaltered after prolonged boiling with 
aqueous hydrochloric acid, and can also be recovered unchanged 
after having been heated in a sealed tube, in 20 per cent, aqueous 
solution, for six hours at 200°. When, however, 3 grams of either 
acid are mixed with 30 c.c. of concentrated hydrochloric or hydro- 
bromic acid and the solution is heated in a sealed tube at 220° 
for ten hours, no trace of unchanged acid can be found in the pro- 
duct. In its place there is formed an insoluble, crystalline sub- 
stance, which, after recrystallisation from ethyl acetate, is obtained 
bii fflisteuing needles melting at 186°. This compound is without 
doubt the di-lactouic acid of formula XVTl (p. 590), a fact which 
rail be shown by direct com arisen and also by the following 
analyses ; 

Found: C-47-85; H = 4-07. 

C^H^O(; requires C^48 0; IT = 4 0 per cent. 

Found: Ag-58T2. 

requires Ag---58’2 per cent. 

Brominnfion of the Threr Stereoifiomcrie, Aei(h. 

The mcsO'cis-d c///, m, p. 154° (formula [a], p. 599).— The 
broMiination of this acid proceeds very smoothly when 10 grams of 
the acid are treated with 64 grams of phosphorus pentabromide 
and 8’5 grams of bromine, the operation being carried out in the 
usual way at the ordinary temperature, and being finished by 
wartniiig on the water-bath. The product, when poured into well- 
oooled alcohol, yields an oil on dilution with water, which can be 
extracted with ether. The washed and dried extract leaves 
ek-cthi/I h}''omoe(irhefho'rf/wefJt(Hir-[V ■ ^-d-wefhf/Icychprojmne-l : 2- 
tliearhori/Jafe (XXI, p. 601) on evaporating the solvent. The 
bromo-ester distils without decomposition at 207°/ 12 ram., and is 
a clear, fairly mobile oil : 

0'1813 gave 0-0930 AgBr. Br=-2T83. 

C, 4 lIj^O(^Br requires Br = 22 0 per cent. 

The bromo-ester is recovered unchanged even after prolonged 
boiling with pyridine, but when hydrolysed by boiling with on 
alcoholic solution containing one and a-half times the calculated 
quantity of potassium hydroxide, it is hydrolysed to cis-&ro-mo- 
• ^-3-methf/hyc\opi‘ojmnf.-l : 2-(liearhoxyUc avid 
{XX II, p. 601 ), which can be isolated by evaporating the solution 
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free from alcohol, acidifying, and filtering. This acid crystal liseg 
from hot water in small needles, which melt at 171°: 

0-2203 gave 0-1473 AgBr. Br = 28-45. 

CgH^OgBr requires Br = 28'6 per cent. 

The hromfHinhydro-acid (XXIII, p. 601) is readily obtained 
from the above bromo-acid by boiling it for an hour on the water- 
bath with excess of acetyl chloride, and is left as a crystalline 
resid-ue when the reagent is evaporated. It crystallises from 
benzene in colourless plates, which melt at 139°: 

0-1910 gave 0-1373 AgBr. Br-30-59. 

CgH-O^Br requires Br^^SO-? per cent. 

The an hydro- acid when boiled with water yields the acid from 
which it was derived. It should be added that in all the three 
compo-unds described above, the halogen is very strongly combined 
and i.s, in fact, almost aromatic in character. For example, the 
usual test by boiling with fuming nitric acid and silver nitrate in 
a test-tube fails to reveal the presence of bromine in them. 

The Racemic Acid, m. p. 165° (formula [c], p. 599).— This acid 
is brominated in precisely the same way as the ?«c,s'o-m-acid, and 
it gives T-eihyl hromocarhcthnxyinethane-'YlA-'^-^-meihylcyiA'^ 
propane-\:%dknrhf)TyIafe (XXIV, p. 602) with equal readiness. 
The ester undergoes partial decomposition on distillation under 
diminished pressure, and it is therefore best to use the crude pro- 
duct, which can be sufficiently purified by placing it in an 
exhausted desiccator over potassium hydroxide for some days: 

0-1994 gave 0-1018 AgBr. Br-21-71. 

Ci^H^gOfjBr requires Br^22-0 per cent. 

The bromo-ester reacts quickly when it is boiled with three 
times its volume of pyridine for three hours, and the product can 
be isolated by pouring the mixture into excess of dilute hydro- 
chloric acid and extracting with ether. The dried ethereal 
extract leaves a solid residue on evaporation, which is the Imiont 
of hydroxy carh e thoxyme t han e-II^ = -^-3 - rn e t hyloyclopro'pane - 1 - caxh- 
ethoxy-2-carhoxyhc acid (XXV, p. 602), a substance which crystal- 
lises from benzene in small needles melting at 87°: 

0-1365 gave 0-2832 CO., and 0-0689 HoO. C-56-59; H = 5-61. 

^ 12 ^ 14^6 requires C=^56-7; H = 5-5 per cent. 

The lactonic ester dissolves in cold aqueous alkalis, and, if a 
sufficient quantity of the reagent is used, it is hydrolysed at the 
boiling point in the course of an hour. The solution, after being 
freed from alcohol by evaporation, is acidified, when the lactone of 
hydroxy carl) oxy met Jmne - 11^ ■ ^-3-methylcyG\opro^nc -1:2- dicarh- 
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oxyUc acid (XXVI, p. 602) 13 precipitated. Tli© compound crystal- 
lises from benzene in groups of needles and melts at 137°: 

0-1420 gaveO-2519 and 0'0398 HoO. C^48*38; H = 3-12. 

CgHeOg requires C = 48-5; H = 3-0 per cent. 

The nilver salt, prepared from a neutral solution of the 
ammonium salt, is evidently that of the tribasic hydroxy-acid : 

0'2417 gave 0-1454 Ag. Ag = 60-15. 

CgH^OyAgg requires Ag = 60-3 per cent. 

The lactonic acid does not separate well either from water or 
from dilute hydrochloric acid. The corresponding hydroxy -acid 
could not be isolated. 

The meso-trans-Aci^, m. p. 193° (fomula [^^], p. 599).— The 
method of bromi nation is the same as that given in the case of the 
jflrm-cw-acid, and the operation proceeds with the same readiness.' 
When, however, the product is poured into alcohol, it will be found 
that the oil which is subsequently precipitated by the addition of 
water is free from bromine. When collected in the usual way and 
fractionated under diminished pressure, it yields ethyl me thy l- 
viethane-llV- ■ ^'^-cyclopropane -1:2:3- tricar boxy late (XXVII, 
p. 602) as a colourless, fairly mobile oil boiling at 183°/ 12 mm. : 

0T5O1 gave 0-3268 CO^ and 0-0879 H.O. C=59'37; 11 = 6-51. 
requires C = 59-6; 11 = 6-4 per cent. 


M ethyl methane-IJV- ■ ^ = ^-cyclopropane-l : 2 : ^-tricnrhoxylk A dd 
(XXVm, p. 602). 

The hydrolysis of the tribasic ester is effected by boiling it with 
an alcoholic solution containing T5 times the theoretical quantity 
of potassium hydroxide for two hours, and is obtained by acidify- 
ing the solution after it has been freed from alcohol by evapor- 
ation. The acid is purified by recrystallisation from dilute hydro- 
chloric acid. It forms small, well-defined prisms, which melt at 
149°: 

0-1702 gave 0-3020 CO. and 0-0475 ILO. C = 48-40; H = 3-10. 

CgHgOg requires C — 48‘5; H = 3‘0 per cent. 

The silver salt, prepared from the neutral ammonium salt, is a 
^vhite, micro-crystalline precipitate; 

0‘2003 gave 01247 Ag. Ag = 62-25. 

CgllgOgAgg requires Ag = 62-4 per cent. 

The acid is freely soluble in warm water, but is insoluble in 
ether or benzene. It is nob acted on by acetic anhydride at a 
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high temperature, and can be distilled in small quantities at the 
ordinary pressure without undergoing change. There is, appar, 
ently, no tendency whatever for it to pass into an .anhydro-acid 
It is stable towards bromine, even when heat^, and does not 
decolorise alkaline permanganate in the cold, although it is slowly 
attacked by the boiling reagent, and, from the products, methyt 
succinic acid, melting at 112°, can be isolated (Found: 0 = 45-28 • 
11 = 618. C-Hg 04 requires 0 = 45-4; H = 6'l per cent.). It is not 
affected by prolonged boiling with aqueous acids or alkalis. An 
attempt was made to convert the acid into au iaomeride by heat- 
ing it in a sealed tube with concentrated hydrochloric acid for ten 
hours, at 220°, and under these conditions it is converted into 
another substance, which separates in a crystalline condition wheii 
the contents of the tube are cooled. This compound is not, how- 
ever, a stereoisoineride, but is the f rhlactone of a-hydroxy-^^-di- 
hydroxydimethylj>roiKinetricarhorylh add (XXX, p. 602), which 
can be recrystallised from a large quantity of benzene and obtained 
in ill-definetl crystals melting at 206® : 

0-1667 gave 0 2957 CO., and 0-0467 ll.fi. C = 48-39; H = 3‘ll. 
requires 0 = 48*5; IT = 31) per cent. 

The ddvcr salt, prepared from the ne-iitral ammonium salt, is a 
white, amorphous precipitate, and is evidently the salt of I he 
trihydroxy-tribasic acid ; 

0-2179 gave 0 1230 Ag. Ag = 56-44. 

CgHpOpAg^ requires Ag = 56-5 per cent. 

The lactone is soluble in warm water, but does not crystallise 
well on cooling, although the separation is facilitated by the addi 
tion of an equal volume of concentrated hydrochloric acid to the 
concentrated aqueous solution. It is probable that solution in 
water converts some of the lactone into the hydroxy-acid, although 
all attempts to prepare this acid were unsuccessful. 


(2) The Trihrominatum of ^^-DimefhylpivjHinetnrarhoTylic Acid. 

The method is the same as that described in the case of di- 
bromination, only 120 grams of bromine are used in place of 
80 grams. The final atom of bromine is absorbed with consider- 
able difficulty, and it is advantageous, after adding sufficient 
bromine to form the dibromo-compound, to add the remaining 
molecule at once, and to leave the mixture at 60° for twenty-four 
hours before final completion on the water-bath. Care must, of 
course, be taken to exclude moisture throughout this operation by 
the provision of a calcium chloride tube at the end of the con- 
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denser. It will b© found, moreover, that the rate of absorption 
is increased if a trace of iodine is added. 

The product is then poured into well-cooled alcohol, and the oil 
precipitated by water in the usual manner, the ethereal extract 
heiu^ washed with water and then with sodium carbonate solution. 
The residue left after the evaporation of the dried ethereal solu- 
tion contains too little bromine (Found: Br = :i6'31. Ci 4 ll 2 iO^Br 3 
re<[uires Br^45'7 per cent.), and it is, therefore, in all probability 
mixed with either the di- or the tri-laclone. That this is actually 
the case can be shown by mixing the oil with an equal volume of 
benzene, when a crystalline solid slowly separates. The filtrate 
deposits more of this solid on keeping, and this, after collection, 
leaves a filtrate which, when freed from the solvent, consists of 
tfhi/l ahromo-^^'dihronwdimffhf/IpnijMUKlrinnhoTi/httc {XX IX, 
[). 602) in an approximately pure condition : 

0‘2101 gave 0‘2190 AgBr. Br — 44'36. 

requires Br-io'T ])cr cent. 

Unfortunately, the hromo-ester cannot be distilled witlioui 
undergoing decomposition, and the above product is the purest 
form of the compound we were able to ]n'epare. 

The solid material obtained in the above purification yields a 
small quantity of the tri-lactcuie, melting at 200'^, when repeatedly 
rccrystallised from benzene, but it also contained other compounds, 
winch we were not able to isolate in a ])urc condition, 

Arlion of l^yrkhne. — When the iribrorno-ester is boiled wdth 
three times its volume of pyridine and the product is poured into 
dilute hydrochloric acid, a crystalline substance slowly separates, 
which is shown to be the friAnvtonr of 

wethifl propanetrirarho vf/I Ic arkJ (XXX, p. 602), meltin» at 206°, 
by direct comparison and by the following analysis ; 

Found: C~48'31; H-3'06. 

requires C-48‘5; t[~3'0 per cent. 

Acti-onr of Concent rat ey? Aqueous J^otrh^f^ium II p dr o, ride. — The 
operation is the same as that described in the case of the dibromo- 
e.ster (p. 610). The product, when acidified, yields a crystalline 
precipitate, from which, by repeated recry stall isatioii from dilute 
hydrochloric acid, a small quantity of nirthplmethane-JlV-'^'^- 
cyclo/>ro/>anc-l : 2 : 3-fn'c«r6oa7//m and (XXVIII, p. 602), melting 
at 149°, can be isolated (Found: C = 48-38; H = 3*12. 
requires C~48'5; H — 3-0 per cent.), the yield being only 12 per 
cent, of that theoretically possible. The remainder of the pro- 
duct of this reaction is undoubtedly the tri-lactoiie (XXX, p. 602), 
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as this substance can be isolated in considerable quantities froui 
the acid mother liquors. 

Many of the experiments described in this paper were carried 
out at the University of Sheffield by Mr. A. S. Wood, to whom oiu 
thanks are due. 

The Sorby Research Laboratory, 

The University, 

Shefeield, 

and 

The Imperial College of Science and Technology, 

South Kensington. [Received, October 1919.] 


LXV .-'Colouring Matters of Red and Blue Fluorik, 

By Cecil Stevenson Garnett. 

In a recent paper, Blount and Sequeira (T., 1919, 116 , 705) showed 
that a minute amount of organic matter could be extracted from 
"Blue John" by means of various solvents, and draw the con- 
clusion that the colour of the mineral is of organic origin 

The experiments now to be d^cribed appear to confirm thfi 
above conclusion, but also carry the investigation somewhat further. 

A quantity of extremely deep blue fluorite was discovered by 
the author near the famous "Blue John Mine" some years ago; 
the colour was uniform, and so deep that at a short distance a 
small lump appeared almost as black as coal. On very thin slices 
being cut from this material, however, it was seen to be of a 
beautiful deep blue, its apparent blackness being due to extreme 
depth of colour. Spar of this character is not sent from the mine 
from which the previous authors obt.ained their specimens. 

A sample was finely powdered and extracted successively with 
chloroform, benzene, and ether, and although there was no apparent 
diminution in colour, it would be difficult to say that this was not 
the case, as in fine powder even so dark a specimen had such a 
pale blue colour that a slight further diminution in tint would 
scarcely be perceptible. The carbon content determined by com- 
bustion was 0’27 per cent, before, and 0’207 per cent, after, 
extraction. Similar determinations on other samples showed a 
decrease in carbon content with a decrease in colour. The amount 
of carbon found in the very dark specimen is nearly five times the 
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amount contained in the specimen quoted by Blount and Sequeira 
(0 046 per cent.). 

The powdered mineral, when heated with concentrated sulphuric 
acid, yielded a black, car}x>iiaoeous residue, but when heated with 
a mixture of sulphuric and nitric acids, the blue compound was 
readily oxidised, leaving a colourless residue of fluorite (and, of 
course, calcium sulphate). When heated alone, a very pronounced 
bituminous odour was observed, and a residue of clear, colourless 
ftuorite remained ; the odour was quite different from the resinous 
t>ne produced by heating specimens of ‘'Blue John” which have 
been polished and made into fancy goods. 


Distillation of Blue John.” 

The actual separation of bituminous matter was next attempted. 
A hard-glass tube was almost filled with the powdered, extracted 
fluorite, and a small U-tube (merely air-cooled) attached. On 
beating, a yellowish -brown oil collected in the cool parts of the 
apparatus, and an inflammable gas issued from the jet. The gas 
burned steadily and freely until the distillation had proceeded to 
completion, when a residue of colourless fluorite remained. The 
inside of the glass tube had, however, gained a mirror-liko wating 
of carbon, evidently resulting from the decomposition of the vapour 
after being driven from the fluorite and on coming in contact with 
the red-hot walls of the tube. 

The removal of the colouring matter without the deposition of 
carbon within the tub© was now attempted, and was easily accom- 
plished by immersing the tube containing the powdered fluorite in 
a bath of molten tin. Oil again collected, but much less in- 
flammable gas was obtained, and no deposition of carbon occurred 
on the walls of the tube. The removal of the colouring matter 
was, in these experiments, evidently accomplished only by its 
destructive distillation. 

In order to ascertain the distribution of the colouring matter 
within the fluorite, thin sections were examined microscopically. 
It was observed that the colouring matter is not homogeneously 
distributed in a fine state of division within the fluonte crystals, 
hut that it occurs as films therein. The depth of colour depends 
on the abundance and thickness of the films existing in the fluorite, 
which is itself clear and colourless. They occur parallel to and in 
the plane of the faces of the crystal (cube), and also at the crystal- 
line junctions, in such a manner as to point to the conclusion that 
the colouring matter was deposited as films on the surfaces, of the 
crystals at intervals during their growth. The banded coloration 
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of “ Blue John’’ is expUined by this supposition. The blue colour 
imparted by the bituminous matter is probably due to the chemical 
combination in which the latter exists. 


Hed Fluorite. 

Mawe ("Mineralogy of Derbyshire,” 1802) states that ruby- 
coloured fluorite in jjerfcct cubes is said to h^ve been found in 
Derbyshire. No other occurrence: of this rare variety of fluorite 
in Derbyshire appears to have been observed until the present 
author recorded having found a quantity of it near Ashover. The 
colour of this specimen is not pink, as are the specimens usually 
seen ill museiuns, but definitely red. 

The colour of this variety is not due to organic matter, and the 
appearance is scarcely altered by prolonged exposure to a bright 
red heat. The colouring mat ter is readily and completely extracted 
from the roughly crushed fluorite by boiling hydrochloric or nitric- 
acids, leaving a residue of clear, colourless fluorite. The solution 
was found to contain rare earths and nothing but insignificant 
traces of any other element. The oxalates and sulphates were 
t>btaiiied as usual, and au attempt was made t-o separate and 
identify the rare earth elements present, but was not continued, on 
account of the well-known difficulties which such a task presents. 

Microscopical examination of thin sections showed that the 
colouring matter is distributed as films in colourless fluorite. 
Instead, however, of the films occurring chiefly within the crystal 
(as ill the case of " Blue John ”), they appear to exist chiefly (at 
least) at the crystalline junctions within the mass (as in the case 
of fluorite coloured brown by limonite). The redness of the colour 
is due to the thinness of the films, as the mineral of which they 
consist may be occasionally found in tiny cavities in the fluorite; 
it is massive, black, opaque, and pitch-like in appearance. Micro- 
scopical examination of films of varying thickness (as they occur) 
confirms the chemical evidence as to the identity of the black, ‘‘ rare 
earth ” mineral and the films. 


Thk Uxiversitv, 

SHKFFreLD, 


[Received, April 1th, 1920.] 
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\XS\.—Studie8 in Catalysis, Part XIIL Contact 
Potentials and Dielectric Capacities of Metals, in 
Relation to the Occlusioa of Hydrogen, and Hydro- 
genation. 

By WiixiAM CiJDMoi^E McCullagh Lewis. 

In two earlier })apei's in this series (T., 1919, 115, 182, 1360), 
heterogeneous catalysis was considered from the point of view of 
the critical increment and the radiation hypothesis of chemical 
reactivity. It was pointed out that the essential function of such 
a catalyst was to reduce greatly the critical increment of activa- 
tion of one or more of the reactants, thereby increasing the rate 
of the reaction. The effect was considered as indiiced at the 
surface of the catalyst on which at least one of the reactants was 
adsorbed. The same idea is obviously applicable to any case in* 
which one or more of the reactants is capable of being actually 
dissolved by the catalyst and emitted from its surface in the 
activated form. Such a case is encountered in the activation of 
hydrogen as a result of occlusion by certain metals. 


The (■rifical Increment, Dhmcmfioii of If t/droffen- into 

Atorrif: wheni d-is-'^olved in a Metal. 

In an extended series of papers, Sie verts has measured the solu- 
bility of hydrogen in various metals over a wide range of tempera- 
tiire. He has found that, in general, the concentration of the 
dissolved gas varies as the square root of the pressure of hydrogen 
in the gas phase, indicating that the hydrogen is dissociated into 
atoms or ions. The most trustworthy results are those obtained 
with nickel, iron, and copper (Zci7.<c7/. phy.dkal. Chem., 1911, 77, 
u91), in which it was found that the solubility of hydrogen is higher 
m nickel than in iron, and greater in iron than in copper. Si everts 
has shown that the process is one of true solubility, and not simply 
surface adsorption, although thei latter is necessarily present as 
well. 

The solubility of hydrogen in. these and in other metals increases 
itiarkedly as the temperature rises. Applying the well-known 
thermodynamic relation to the variation of the solubility, S, with 
fhe temperature, wc have 

d\ogSjdT=QlUT\ 
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where Q stands for the heat absorbed in the process at eoiistani 
volume. Postulating that the process is 
Ha ^ 2H, 

and assuming, as has been done in another connexion, that the 
critical increment of union of the free atoms is zero, it follows that 
Q is identical with the critical increment of dissociation 
gram-molecule of hydrogen in the dissolved state. From Sieverts’ 
values of the solubility of hydrogen, it is thus possible to calculate 
.Eh, s-t various temperatures. The following results have thns 
been obtained. The solubility, iS', is expressed in milligrams of 
per 100 grams of metal. 




Nickel. 


t. 

S. 

d log SjdT. 

ill cals. 

315° 

0-22 

3-05 X 10-3 

2099 

822 

0-72 

1-66 X 10“3 

3984 

1225 

1-333 

1-30 X 10-3 

5824 


In the neighbourhood of 150'^, is calculated to be approxim- 
ately 1700 cals. It will be observed that as the temperature rises 
the value of also increases. This is discussed later. 

Iron, 

t. S. d log SjdT. Ea.^ . 

514° 0-07.5 5-3 X 6560 

775 0-201 3-0 X 10-3 6590 


In the neighbourhood of 150°, Eh, is estimated to be 6500 cals. 




Copper. 


t. 

S. 

d log SjdT. 

Eh,. 

620° 

0-030 

5-0 x 10-3 

7975 

827 

0-072 

4-2 x 10-3 

9080 

904 

0-102 

4-0 X 10-3 

11080 

981 

0-132 

3-8 X 10-3 

11930 


In the neighbourhood of 150°, Ejjj is of the order of 5000 cals. 
It is impossible to extrapolate with accuracy, as the experimental 
results at the lowest temperatures are evidently somewhat 
discordant. 


Platinum (Sieverts, Her., 1912, 45, 221). 
t. S. d\og'SjdT. 

1136° 0-036 4-4 X IQ-* 17480 

1239 0 055 4-2 x 10 ^ 19200 
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Actual extrapolation to low temperatures is impossible in this 
It is evident, however, that in the neighbourhood of 
150° lies between 10,000 and 15,000 cals. 

In general, the lower the solubility the greater is the critical 
increment. A large critical increment means that the metal in 
question has a relatively small dissociating power. 

It must be emphasised that the values in the last table refer to 
ibsorptiou by metallic platinum. If hydrogenation is due to 
itomic hydrogen which has been brought into existence by the act 
Df dissolving, it follows that metallic platinum is a less efficient 
:^atalyst than copper. In the case of platinum -black, however, 
Mond, Ramsay, and Shields {Phil. Trans., 1896, [A], 186 , 657) 
'lavi shown that the quantity of hydrogen ahsorl^ed is very much 
greater than it is in massive platinum, and, further, that the 
quantity absorbed diminishes as the temperature rises. In the 
’ase of platinum -black, we are probably dealing with adsorption 
done. 

Sieverts has shown that hydrogen is soluble in cohalt, the solu- 
)ility becoming measurable above 700°. The same author has also 
found that hydrogen is insoluble in pure silver. Similarly, in the 
case of gold, the solubility is loo low to be measured. Hydrogen 
is likewise insoluble in cadmium, thallium, zinc, lead, bismuth, tin, 
antimony, and alumininm (compare Zriffich. Elehtrochem., 1910, 
16 , ^^08). Aluminium, however, forms a hydride above 800°. 
Oue would expect those metals in which hydrogen is insoluble to 
be negative catalysts for hydrogenation if they partly or wholly 
cover the surface of the catalytically active metal. 

Oil the view advanced in the present paper, the conclusion is 
that the insolubility of hydrogen in the metals mentioned is due 
to the inability of these metals to dissociate the gas. 

The solubility of hydrogen in tungsten is extremely low (Sieverts, 
Ber., 1911, 44 , 2394). On the other hand, the solubility of 
hydrogen in tantalum is very high, and diminishes as the tempera- 
ture rises, although proportional to the square root of the hydrogen 
pressure. The case is analogous to that exhibited by palladium 
over a certain temperature range, a compound being formed which 
dissociates with absorption of heat. 


The Variation of Ey^„ with Tcmiwrature, and the Bielectric 
Capacity o*/ the Metal. 

As the foregoing calculations show, the apparent critical incre- 
ment of dis.sociation of molecular hydrogen rises steatlily as the 
temperature increases. The simplest explanation of this is to 
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assume that the dissociating power of the metal diminishes as the 
temperature rises, this being the usual effect of temperature on 
this property. From the point of view^ of electrostatic attractions 
between the constituent parts of a dissolved molecule, we should 
expect, in accordance with the Thomson-Nernst rule, that the 
value of would vary inversely as the dielectric capacity of 
the metal or inversely as the square of the refractive index of 
the wave-length corresponding with the value of F. To dissociate 
molecular hydrogen in the gaseous state into atoms requires an 
absorption of 85,000 cals, per gram-molecule. If atomic hydrogen 
is formed in metals, it would follow that the dielectric capacity, 
7),„ of nickel, for example, in the region of 150° is given by the 
relation 

1700 = 85000/i)„ 
whence = 50. 

Similarly, Dk, = 13, D,,, = 17, 

and Dyt = 6 to 8. 

On the classical electromagnetic theory, the dielectric capacities 
of metals were regarded as infinite. This conclusion has been 
shown not to be necessary by Sanford (Pin/ cal Hev.^ 1918, [ii], 
12 , 130), who concludes frojn experiments on contact electrifi 
cation that metals possess dielectric capacities of the same order 
of magnitude as those of non-metals. In Sanford's experiments, 
no precautions appear to have been taken to remove surface fihm 
(adsorbed moisture and gases), so that the estimated magnitude 
of J) is probably incorrect. 

If it could be shown that a true Volta potential difference exists 
between two pure metals in contact, this would point to the reality 
of finite dielectric capacities. The problem of the existence of 
such potential differences has been under discussion since the time 
of Volta himself. Within recent years, however, the evidence 
obtained from the study of thermionic currents and photo-electric 
effects has lent very strong support to the original view of Volta, 
This evidence is discussed in detail by Langmuir (Tranni. J ?«{’/■. 
Ehctrochem. Soc,, 1916, 29 , 129), who has shown that several 
independent methods lead to substantially the same values for the 
contact potential. Jjangmiiir’s conclusions regarding the real 
existence of such potential differences appears to be inconlro 
vertible, 

CoIrAtlaftori of the Contact Potential Difference on the Bam of a 
Ffnite Dielectric Cajmcift/ nftrihnteP to n Metal. 

As shown by Langmuir, the contact potential difference which 
comes into existence when two metals are brought into intimate 
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contact can be regarded as the difference of two '' imaginary ” 
potential differences, each of which is characteristic of a given 
metal • This potential difference, which may be called conveniently 
the cMr(Ktemtic potential of a metal, and is denoted by the 
cvmbol is a measure of the forces which hold an electron in 
the metal and prevent its escape. It is "imaginary ’ in the sense 
that it does not come into existence until the electron is in the act 
of leaving the surface. The values of $ for a number of metals 
have been obtained from observations on therm ionics, the 
threshold frequency of tho nonnal photo-electric effect, and line- 
si>ectra resonance measurements, the results being concordant. 

If we assume the existence of a finite dielectric capacity as 
characterising a metal, it should be possible to calculate the work 
done in removing an electron from the metal to free space, thereby 
obtaining a value of <E> which may be compared with the mean 
value given by Langmuir. Let us denote by IT the work required 
to extract an electron and bring it into free space, theoretically at 
iiirtnitc distance from the metal sui’face. Lmploying the inverse 
square law, which is known to hold down to distances of the order 
of atomic dimensions, although not down to nuclear and electronic 
dimensions, we obtain 





where /> is the dielectric capacity at any pn.dtioii r. The dielectric 
capacity alters continuously as we pass from the metal to free 
space, its value being /),, in the metal and unity in free space. 
The simplest mode of allowing for this variation is to write 

i)=7V'- 

where Tq is the average distance apart of an electron and a metallic 
ion in the metal. Lindemann {PhiJ . Ma<j., 1915, [vi], 29, 127) 
has put forward a number of considerations for regarding the 
metallic state as being cO'inposed of two interwoven space lattices, 
one an electron lattice, the other an ionic one. On the average, 
an electron will be separated from an ion by a distance r(„ which 
IS one half the distance between two contiguous ions. Langmuir 
(/oc. at.) has pointed out that in the case of the simple face- 
centred cubic lattice, which is characteristic of copper and silver, 
the shortest distance, o-, between two adjacent atoms is given by 
rr = 1-33 X 10-LF" 

where T is the atomic volume, Lrom the values of c thus calcu- 
ated by Langmuir, we can obtain the value of 
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On integrating the expression for W, we obtain 

Tills must be equivalent to ^e, whence 

= (I) 

We have now to evaluate this expression for certain metals usiiio 
the approximate valuer of which we have obtained for the 
temperature 150®. 

Copper. — 7)^ ==17. cr --2'56xl0“® cm. Hence ^*o = l-28 x 10-s. 
1 E.S.U.— 3x10^ volt^. Hence^*— 3'8 volts. 

The weighted mean value obtained by Langmuir from the results 
of various observ^ers is <J>=4 0 volts. 

Iron. — 7)(j=13. — 2-56x10“*^ cm. Hence — 1-28 x 10-^*. 

Hence =:3'5 volts. 

Langmuir’s value is 3'7 volts. 

Platinmn. — ap])roxlmately, whence — 4‘97 volts. Lang- 
muir gives the value 4 4 volte with a query. Values greater than 
5 volts have been obtained by various observers. 

In general, the agreement between the accepted value of $ and 
that calculated by means of equation (1) is satisfactory. To this 
extent we are justified, therefore, in attributing a finite dielectric 
capacity to a rnetal. 

Nickel. — Z?^, — 50. Taking r,j to be the same as that for copper, 
we find that^ =2-8 volts. The characteristic potential for nickel 
has not as yet been determined by any direct niethotl. It follows 
from the above value that if copper and nickel are brought into 
contact, the nickel should be positive with respect to the copper, 
the contacti potential difference being 3‘8 -2‘8==l volt. 

From the obseiwed values of $ quoted by Langmuir, we can 
calculate the dielectric capacity of the corresponding metal by 
means of equation (1). We thus find the following values in a 
few typical cases: 


Metal, in volts. X 10®. 7),)* 

Silver 4*1 1-45 8 

Zinc 3'4 1-40 18 

Aluminium 3-0 1*45 30 

Lithium 2*35 1-57 40 

Sodium 1-82 1-91 60 


It is evident from the above values that the dielectric capacity 
does not completely determine the solubility of hydrogen in a 
metal. Thus, metals such as zinc, bismuth, and tin possess higher 
dielectric capacities than platinum, yet hydrogen is soluble in 
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platinum and insoluble in these metals. It is noteworthy that the 
alkali metals, which apparently possess very high dielectric capaci- 
ties, are capable of forming hydrides. Aluminium, which also has 
^ fairly high capacity, forms a hydride at higher temperatures. 
This cannot be a general rule, however, for nickel does not appar- 
ently form a hydride. We must seek, therefore, some other factor 
as all etjually significant quantity. 

The capability of a metal of dissolving hydrogen, and, in the 
limit of forming a hydride, depends, nob only on the dielectric 
capacity, hut also on the type of radiant energy which the metal 
is able to supply to dissociate the gas when the latter has entered 
the surface. In virtue of the temperature of the metal, all types 
(frequencies) of radiation are present, although to very different 
extents. The metal is capable of enhancing the density of certain 
types, thereby increasing the dissociating effect provided the 
frequencies are sufficiently high. 


,S'oiwrr of the hJnerfji/ which ])i^>^ociate% llijdroijcn in a Metal. 

The atoms of a metal possess energy in respect of vibration and 
also in respect of rotation (Honda, Hd. Rep. Tohokw Imp. Vniv., 
1918, 7, No. 2), the latter being a negligible quantity so far as 
specific heats are concerned, until high tem])eratiires are reached, 
Honda considers that the act of fusion, and the latent heat con- 
nected therewith, depend on this energy of rotation. If an atom 
po.'^sessing the amount of energy corresponding with its latent heat 
of fusion is brought to rest, this energy will be emitted. The 
author suggests that this is the source of the energy which brings 
about dissociation of the hydrogen in the metal. In this con- 
nexion, it is noteworthy that the metals which are capable of 
dissociating hydrogen are those with the highest values for the 
latent heat of fusion. The following table contains some of the 
values quoted by Honda: 


Metal. 

Latent heat of 
fusion per 
gram-atom L. 

D,. ■ 

Ho X L 

Pt 

5360 

Ca 7 

37,520 

Pd 

3860 

— 


Pe 

3348 

13 

43,524 

Ni 

2710 

50 

135,500 

Cu 

2650 

17 

45,050 


2270 

8 

18,160 


2160 

30 

64,800 

Zn 

1840 

18 

33,120 

Gd 

1540 

— 

— 

Pb 

1118 


— 

Na 

730 

60 

43,800 
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If all metals possessed the same dielectric capacity, tlie value of 
the latent heat of fusion should distinguish those metals whidi 
dissolve hydrogen from those which do not. The dielectric capacity 
varies, however, from metal to metal, with the result that even 
sodium is capable of forming a hydride, and therefor© of dtj, 
solving or dissociating the gas. The dissociating power depends 
simultaneously on the dielectric capacity and the density of the 
suitable energy. If the dielectric capacity is small, the energy 
required is correspondingly great, and the available energy of the 
type considered may be insufficient, especially as the higher the 
latent heat of fusion the fewer are the number of atoms at a given 
temperature which possess the corresponding energy. Thus, 
tungsten appears to have the highest characteristic potential of 
any element so far investigated. This means that tungsten has a 
very low dielectric capacity, and, consequently, the energy required 
to dissociate and dissolve the hydrogen is high. Although the 
latent heat of fusion of tungsten is greater than that of platiiiim 
(as inferred from the value of of the Debye equation), it, is 
evidently incapable of dissociating the hydrogen to any measurablD 
extent, for fSieverts has found the solubility of the gas to he 
exceedingly low. The detennining factor in regard to the 
behaviour of the metal towards hydrogen would seem to be giveu 
by the product of the dielectric capacity and the latent heat. In 
respect of this product, the metals arrange themselves in the 
following or del', commencing with the highest value of the product: 

Ni, Al, Cu, Na, Fe, Pt, Zn, Ag. 

It is evident that those metals which can dissociate or react with 
hydrogen possess the higher values for the product. In the case 
of nickel, we have no independent value of <15, and therefore no 
value of Dq independent of the solubility method made use of to 
calculate D, Its position in the series is therefore not significant. 

When we compare the energy, represented by L, with the value 
of , we see that, especially at higher temperatures, more than 
one atom of the metal, in general two atoms, are required to con- 
tribute the energy necessary for dissociation of hydrogen. In the 
case of sodium at low temperatures, if we take the value for /b- 
namely, 60, which is obtained from the resonance potential, we 
conclude that the energy required to dissociate, one gram -molecule 
of hydrogen in sodium is 8,5,000/00 1420 cals. (Calculated tor 
one gram-atorn of hydrogen, the energy required is 710 cals., which 
i.s just capable of being furnished by the L term of sodium. 

On the basis of the suggestion that the energy represented by 
the latent heat of fusion is the origin of the dissociation of 
hydrogen in metals, it would follow that the solubility of the gas 
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ju the iiiolteu metal should be considerably greater than in the 
<()lid. agreejnent with the experimental results of 

^leverts {Zeiisch. phpikd. Chem., 1911, 77, 591), who has found 
that at the melting point of the metaJ, the solubility of hydrogen 
ill molten copper is three times as great as it is in the solid, and 
twice as great in molten nickel and iron as it is in the solid. 
Further, the increase of solubility with temperature is greater for 
the molten than for tho solid metal. 


I'ariafion of the Vharacteridic J'oitnihd o/ Uetah with 
Temperature. 

On the basis of the formula deduced for (equation [IJ), it 
jnay be concluded that, in general, the greater the value of the 
([iclecti'ic capacity, the smaller the value of the characteristic 
jwteiitial. Since the dielectric capacity diminishes as tho tempera- 
ture rises, the value of should increase slowly as the temperature 
rise^. The effect of the variation of is, however, partly com- 
])eiisated by the change in r^. Owing to the temperalure- 
coefficient, it is not strictly correct to compare the^ calculated values 
of ^ with those obtained from the photo-electric effect at the 
ordinary temperature. The possible error in D^i (which is obtained 
from the solubility of hydrogen in the metal) is such, however, 
as to :‘ender this objection less cogent, Tho temperature-coefficient 
of the dielectric capacity of metals is distinctly less than that for 
11011 metals. 


}[ydro'(je7iation. 

It is evident that the property possessed by certain metals of 
dissolving hydrr^en in the atomic form is closely related to the 
<tJowu catalytic power of the same metals for the hydrogenation of 
aiisaturated compounds. This view, which is no longer novel, was 
definitely stated by Sieverts in 1910 as a result of his series of 
researches, some of which have been considered in the preceding 
part of this paper. Although stress is thus laid on the fact of 
solubility of hydrogen in certain metals, it is not intended to 
identify solubility itself with catalytic efficiency. The latter must 
depend ultimately on obtaining hydrogen or otlier gases in the 
active stato, prefenlbly the atomic state, at the surface of the 
uietal. It is evident, however, that the property which eiiable.s 
3* metal to dissolve and to dissociate hydrogen will likewise cause 
a similar activation of the gas at the surface, so that although 
large adi5orbing surface is the uecesvsary condition for the catalytic 
effect, the well-known specific influence of the metallic catalyst is 



632 lewis: studies in catalysis, pabt xin. 

to be inferred from its capacity of dissolving and dissociating U,, 
gas Nickel and cobalt, for example, in tbe finely divided fort 
are known to occlude very much larger quantities of hydrogen tla 
the same mass of metal in compact form (compare SicvcrU. 
Zeitsch. phydkai. Chem., 1907, 60 , 178), the eSect being obviously 
an adsorption, the extent of which is dependent in turn on tW 
apeoifio nature of the metal, as indicated by its solvent power. 

Among the numerous investigations of the mechanism of hydro 
venation of unsaturated fate and oils, mention may be made cf 
tlioae recently carried out by Tbomas (J. Soc. Chem. m., 1»), 
39 , IOt) and by Armstrong and Hilditeh (Proc. Hoy. Soe., 1919, 
[A], 96 , 137, 322). 

In connexion ivitli the function of the catalyst (nickel), Thomas 
has applied the author’s radiation hypothesis of chemical reactivity. 
The reaction is found to be nnimolecular with respect to olein, 
and from the temperature- coefficient of the velcwity-constaiil, 
corrected for the increase in solubility of ih© hydrogen in the 
nieUl with rise in temperature, Thomas has calculated that ihe 
critical increment amounts to 3820 cals, per gram-moleculo of olein 
converted. This quantity is ascribed by Thomas entirely to the 
activation of the olein molecule. In view, however, of the 
numerical data obtained for the activation of hydrogen in nickel 
it would appear necessary to deduct the energy required for the 
hydrogen. Thomas has found experimentally that the rate of the 
reaction varies as the Iffi power of the hydrogen pressure in the 
-apparatus, that is, three hydrogen atoms are required for one 
molecule of olein. The amount of energy required to dissociat 
one gram-molecule of hydrogen in nickel at 150° has been estimatec 
in the present paper to be approximately 1700 cals. Consequently 
to produce three gram-atoms, 2500 cals, are required. On suh 
tracting this from the total critical increment obtained by Thomas 
namely, 3820 cals., we obtain 1300 cals, as the critical incremen 
of the olein. This quantity, expressed in terms of wave-lengths o 
radiation, corresponds with 21 /x. Since the maximum of th 
temperature radiational energy at 150° occurs at about 7/i, it-i 
evident that a considerable number of the olein molecules ai 
activated to the required stage by the temperature of the systei 
itself. That is, a catalyst is unnecessary for the activation of th 

olein. , 

In thus ascribing the energy term, 1300 cals,, to the activaw 
of the olein molecules, it is implied that diffusion has not to 1 
taken into account. This is in agreement with the view put fo 
ward by Thomas, who remarks that the vigorous shaking to wto 
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aleiu-nickel mixture was subjected in his experiments excludes 
diffusion as a significant factor. 

Thomas has made the remarkable discovery, already mentioned, 
j-jiat the rate of hydrogenation of olein is proportional to the 
)ressure of the molecular hydrogen in the apparatus raised to the 
p5 power. It follows, as Thomas points out, that three atoms of 
hydrogen take part in the hydrogenation of one molecule of olein. 
The fact that this is an odd number is significant, as it involves 
the primary formation of a molecule midway in composition 
between olein and stearin. This half -saturated molecule possesses, 
jiecessarily, either one or three free valencies, which will cause the 
spQiitaueous formation of an apparently saturated bimolecular 
form having the composition [C3H5(CigH2j02)3]2- The author is 
unaware whether any such intermediate stag© has been observed. 
This bimolecular compound could, of course, decompose into a 
molecule of stearin and a molecule of olein. 

Returning to the question of the temperature -coefficient, it may 
1)6 pointed out that, on the above view, its numerical value should 
be considerably greater if copper were used as a catalyst in place 
of nickel. Thus, on the basis of the earlier considerations in this 
paper, we conclude that the amount of energy required to dis- 
sociate one gram-molecule of hydrogen in copper is of the order 
of 5000 cals. To produce three gram-atoms of hydrogen would 
require, therefore, 7500 cals. To this has to be added the energy 
of activation of olein, namely, 1300 cals., making in all a critical 
increment of 8800 cals. In the neighbourhood of 200°, it follows 
that the temperature-coefficient for an interval of 10° would be 
r21 (when corrected for the variation of the solubility of hydrogen 
in copper), whilst its value in the case of nickel is less than T13. 
At the same time, the velocity -constant with copper as catalyst 
would only be of the order 5 x 10“3 of the velocity with nickel. 

It may be pointed out that the efficiency of nickel in respect of 
dissolving and dissociating hydrogen has been related to its 
dielectric capacity and the latent heat of fusion. This affords a 
certain amount of guidance in a seaixdi for a possibly more effective 
catalyst, which would probably be an alloy. 

As regards the mechanism of hydrogenation, the first and 
essential stage would appear to be the formation of atomic 
hydrogen, this being accomplished by actual solution in, or by 
adsorption of, the gas on the surface of the metal. The second 
stage is to bring the olein molecule to the surface of the metal at 
which active hydrogen already exists. That is, collision of the 
cleiu (already activated in virtue of its temperature) with the 
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metal particle must take place. The final stage is the addition 
of atomic hydrogen at the moment of collision. These stages mav 
be represented thus : 

Hydrogen + nickel — atomic hydrogen available at the surface 
Olein molecule + nickel charged with hydrogen — > 

collision — > hydrogenation. 

The fact that hydrogenation commences without a period of 
delay in such cases as olein indicates that the first stage, namely 
production of atomic hydrogen, occurs rapidly. If the metal were 
completely covered by or united with the unsaturated compound 
before hydrogen was admitted, it would be impossible for 
hydrogenation to occur. This effect, “ negative auto-catalysis;' 
which is theoretically possible, evidently does not occur with olein 
and similar substances. In these circumstances, the measurable 
reaction which defines the rate of hydrogenation appears to be tb^ 
second, namely, the rate of collision of the unsaturated compound 
with the catalyst. The collision frequency per c.c. per second of 
these two substances is given on the kinetic theory of gases by 

Tra^a-^V^i'i + n'i , Ny, . 

where cr^ and o-^ are the radii of the olein molecule and of the 
nickel particle, and 'ih the root-mean-square velocity of the 
olein molecule and the nickel particle, the number of nickel 
particles per c.c,, and the number of molecules of olein 

per c.c. Since the concentration of nickel is kept constant 
throughout any reaction, the above expression leads to a unimole- 
cular velocity-constant. 

The above expression, which gives the total number of collisions 
between nickel particles and olein molecules, does not allow for the 
fact that the resulting chemical change likewise depends on the 
critical increment term which defines the number of “favourable" 
collisions. The actual rate of the chemical process on the above 
basis would be given by 

TrcTiO-g \/ Uj + ur , . Nyi . 

where E, obtained from Thomas’s measurements, is 5576 cals, at 
135® and 5228 cals, at 165®. These numbers are the fictitious 
values of Ey which are obtained when no allowance is made for 
the change of the solubility of hydrogen in nickel with tempera- 
ture. It is necessary to employ these values, and not the corrected 
value 3820 cals,, when direct comparison with experimental 
velocity- constants is desired. 

The number of favourable collisions, that is, the number of 
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molecules of olein hydrogenated when expressed as a fraction of 
the total number of olein molecules present, is given by 

7r<r-^(r.2\/ui + • ^si • 

which should be identical with the observed uui molecular velocity- 

c'ODstant. 

An attempt will now be made to apply this equation to the 
hydrogenation of olein by finely divided nickel at 180®. At this 
temperature the value of E is 5000 cals, in round numbers. The 
quantity with which the largest error is likely to be associatetl is 
that represented by the average radius of the nickel particles. 
A quantity of finely divided nickel was examined under the micro- 
scope by Mr, L. E. Campbell in this laboratory. The sizes of the 
different individuals varied greatly. On preparing a suspension 
of the same sample of nickel in glycerol, the coarsest particles fall 
to the bottom, and, on withdrawing small quantities of the liquid 
at various levels and examining them, a more uniform appearance 
was obtained. It was found that the particles consisted in the 
main of individual units having a diameter of approximately 
2x10“^ cm., together with a smaller number of larger aggregates 
of approximately ton times this size, each aggregate having a 
porous structure, being apparently built up of the smaller units. 
We are probably justified, therefore, in ejuploying the value 
5x 10“* as indicating the order of magnitude of a.,; it is impossible 
to make a more exact estimate at the present time. Taking the 
density of nickel as 8‘8, the mass of a single average nickel particle 
is 4‘4xl0“^ gram. Hence, in the case of olein containing 1 per 
cent, of nickel in suspension, the number of particles of nickel 
per c.c. =2 X 10^. The mass of an olein molecule is 
l‘o X 10-2^ gram, which is extremely small compared with the mass 
of a nickel particle. Consequently, we can neglect u^, the velocity 
of the metallic particle compared with tq, the velocity of an olein 
molecule. 

The term + becomes, therefore, which at 180® is 
wiual to IT X 10^ cm. per second. The radius of the oleiu molecule 
is known to be 0x10“® cm. The term =3*85 x 10"®. 

Hence , | ; 

SxlQ-®. 

The observed velocity- constant at 180® — 3'4 x 10"^, time being 
expressed in seconds and natural logarithms being employed. The 
calculated value is therefore twenty-four times the observed. If 
o'a were taken to be 10 ® cm. instead of 5 x 10“^ cm., the calculated 
velocity- constant would be 2 x 10“®, w^hich is six times the observed. 
In spite of the discrepancy, which may be well attributed to au 

A A 2 
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error in the size assumed for the nickel particle, for, according lo 
the above expression, the velocity varies inversely as the square 
of the radius of the particle, the result might be regarded as prima 
facie evidence for the treatment of the problem on the basis of 
collisions. Velocity data with graded nickel of approximately 
uniform grain are apparently not available. 

The above mechanism only requires collision between a sinde 
olein molecule and a single nickel particle, the latter being charged 
with atomic hydrogen. Of the total collisions, only a small frac- 
tion, namely, is effective for the chemical change. If 

permanent adsorption of olein as a result of collisions occurred, we 
should have expected a still higher velocity than that calculated 
which already errs in the sense of being too high. True adsorp- 
tion of the olein, therefore, apparently does not take ])lace, the 
adsorption and solntdon phenomena being restricted to the nickel 
and hydrogen system. The absence of adsorption of the olein is 
in agreement with the results obtained by Armstrong and 
Hilditch on the hydrogenation of carbon monoxide to methane, 
although these authors regard the mechanism from a somewhat 
different point of view. Even when the concentration of the 
carbon monoxide is small, the effect takes place in the presence of 
olein, and, '' moreover, the amount of change is as much, if not 
more, than the amount which takes place under similar condition 
in absence of oil.” Naturally, the nature of the unsaturated sub- 
stance, olein, linolein, etc., determines the rate of the reaction, 
since the total critical increment, contains a term chai’acteristic 
of the substance undergoing change. This is in agreement with 
one of the conclusions drawn by Armstrong and Hilditch, Further, 
since cotton-seed oil, linseed oil, whale oil, and olive oil contain 
more than one nnsaturated substance, this introduces a change in 
the value of E during the course of a given reaction. In the ease 
dealt with above, however, Thomas has determined the velocity 
constants of the two constituents of olive oil, olein and linolein, 
and the collision equation has been applied to the single substance 
olein, as this fonns 90 per cent, of olive oil, and presumably the 
data obtained for this substance are the most trustworthy. 

The mechanism of hydrogenation assumed as a working hypo- 
thesis in the foregoing paragraphs involves essentially the dis- 
sociation of hydrogen, either adsorbed on or absorbed by the 
nickel, followed by collisions between the charged nickel particles 
and the unsaturated molecules. It is not intended to suggest that 
ill all cases collision frequency is the determining factor, ft 
appears to be so in the case of olein, and presumably of smiila'” 
substances. In other cases there is the possibility of adsorptiou of 
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the unsaiurated substance. In the latter cases, the observed rate 
of reaction would be expected to be considerably greater than 
that given by the collision equation, the degree of applicability of 
the expression being made use of as a criterion for the absence or 
presence of adsorption. Either view would also lead us to expect 
dehydrogenation of a saturated compound in the absence of 
hydrogen, since nickel will tend to abstract hydrogen from the 
compound in order to attain an equilibrium between hydrogen, 
nnsaturated substance, and saturated substance. Under ordinary 
conditions of hydrogenation, in which hydrogen is used in large 
excess, the equilibrium point is necessarily shifted far to one side. 
For those cases to which the collision expression applies, the 
friiiilibriuni-constant would be expected to take the form: 

e<jiiilibrinni concentration of 
un saturated compound X concentration of charged Ni 
concentration of saturated compound 

that is, the equilibrium constant would not depend on the amount 
of nickel present in the system. If, on the other hand, adsorption 
is a significant term, the above equilibrium expression is meaning- 
less. In either case, we should expect that the best hydrogenating 
affpnL would likewise be the best dehydrogenating agent. 


Siinimarj/. 

(1) From a consideration of the- soluldlity of hydrogen in certain 
ttipfals, it is inferred that metals in general possess finite dielectric 
capacities. 

(2) Values for the dielectric capacities of a number of metals 
at various temperatures have been obtained from the critical incre- 
ments of dissociation of hydrogen dissolved therein, by making use 
of the fact that 85,000 cals, per gram-molecule is the critical incre- 
ment of dissociation of hydrogen in the free, gaseous state. 

(.1) "I'he inso'lubility of hydrogen in certain metals is regarded 
as being due to the inability of these metals to dissociate the gas. 
For this rea.son, these metals may be expected to function as 
negative catalysts when deposited on the surface of active metals 
in hydrogenation. 

(4) An expression has been obtained for the characteristic 
potential at the surface of a pure metal, namely, 

- d)' 

where e. is the charge on an electron, the average distam^ of an 
^‘lectron from its neighbouring ion in the metal, and is the 



638 LEWIS: STUDIES IN CATALYSIS. PART XUI, 

dielectric capacity of the metal. This expression is found to be 
in satisfactory agreement with the accepted values of the latter 
being obtained from theimionic effects, the threshold frequency o[ 
the normal photo-electric effect, and the resonance potential of 
metallic vapours. This agreement is regarded as supporting the 
view of the existence of finite dielectric capacities in the case of 
metals. By means of the above equation, it is calculated that $ 
for nickel is 2‘8 volta. The contact potential difference between 
two pure metals is necessarily the difference of their $ values. 

(5) In addition to the dielectric capacity, it is shown that the 
dissociating power of a metal for hydrogen depends on the existence 
in the metal of radiation of a sufficiently short wave-length. This 
is shown to be related to the magnitude of the atomic latent beat 
of fusion of the metal, a measure of the dissociating power being 
given by the product of the dielectric capacity and the latent heat 
of fusion. 

(6) In the light of the foregoing conclusions, the mechanism of 
hydrogenation of olein by nickel and other metals is considered, 
the processes involved consisting primarily of the dissociation and 
solution or adsorption of hydrogen by the particles of the metal 
with which the olein molecules, which are already activated in 
virtue of their temperature, collide. It is found that a simple 
collision expression of the following form reproduces, in so far as 
order of magnitude is concerned, the observed unimoleciilar 
velocity-constants obtained by Thomas (Joe. 

where cTj is the mean radius of the olein molecule, the corre- 
sponding quantity for an average particle of nickel, the mean 
thermal velocity of the olein molecule, and E is the uncorreetd 
critical increment of the reaction, that is, the critical increment 
observed directly by experiment, uncorrecied for the variation 
with temperature of the solubility of hydrogen in the metal. It 
is concluded that, in the case of hydrogenation of olein and of 
similar substances, adsorption of the unsaturated compound on the 
metal does not take place, the adsorption being restricted to the 
metal-hydrogen components. 

Mubpratt Laboratory of Physical and Electro-Chemistry, 

University or Liverpool. {Received^ April lih, 1920.] 
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LXVII. — The Preparation of cy do Heptane-l : l^dp 
acetic Acid, 


By James Nelson Edmund Day, George Armand Kobert Kon, 
and Arnold Stevenson. 


Is two recent papers (Beesley, Ingold, and Thorpe, T., 1915, 107, 
1080; Ingold and Thorpe, T., 1919, 115, 320), a comparison was 
made between derivatives of |8j3-dimethylglutario (I) and c//ch' 


(IL) 


Mi 

Me- 


(I.) 


liexanediacetic acid (II) with respect to the degree of ease with 
which a bond can be established between the two a-carbon atoms 
of the acid, and the stability of the trimcthyleiie compounds so 
produced . 

From the experimental data, it is argued that the forcing apart 
of two of the valencies of the quaternary carbon atom from 
109^28^ to 120°, consequent on the formation of a cyclohexane 
ring, has the effect of diminishing the angle between the other 
two valencies, thus bringing the two •CH^'CO^H groups attached 
to the quaternary carbon atom into closer proximity. This 
facilitates the closing of a trimethylenc. ring, and, moreover, the 


CH,<' 


CKg-CH 


®>C< 


CHg-CO^H 

CH^'COjH 


CH,< 


ch,-ch . 


CH-COjH 

CH'COgH 


ipVo-compound so produced is more stable than the corresponding 
trimethylene derivative, caronic acid (III). 


Me>^<6H-00'H 6 h,.OH:.CH;>^<Ch'.CO;h 

(in.) (IV.) 


It is obvious that this effect should be even more marked in 
the case of a compound in which two of the valencies of the 
quaternary carbon atom are forced still farther apart by par- 
ticipating in the formation of a seven- or eight -membered ring, 
the angle in these cases being, according to Baeyer’s strain theory, 
128°34^ and 135° respectively. 

The interest attaching to the question has led the present 
authors to study the best conditions for the preparation of cyclo- 
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heptanediacetio acid (IV), which would serve as the starting point 
in an investigation of the problem. 

From analogy to similar acids containing five- or six-memberel 
rings, it was thought that the desired acid could be readily 
obtained by condensing suberone with cyanoacetamide by Thole 
and Thorpe’s method (T., 1911, 99, 422) and hydrolysing the 
product, or with ethyl cyanoacetate and ammonia in alcoholic 


ch,-ch,*ch/ 


CK-CHs'CO-NHj 


CH.-CH^-Ca 


,-CH .CH{CO-NH,)-C(NH) 
■nvi /'-'‘^CH(CN) 


solution by Guaresclii's method (compare Kon and Thorpe, T, 

CH,'CtVCH CN-CFI,-CO,Et ^ 

^ CN-CHs-COjEt 

CH,-CH.-CH CH(CN).CO 


1919, 115, 686), the latter product being also readily hydrolysed 
to the acid, 

The necessary quantity of suberone was therefore prepared, hut 
it was found that this ketone failed to react with cyanoaceiainide 
nnder the conditions used by Thole and Thorpe in similar cases. 

Guare«chi’s method was therefore adopted, but it was found that 
a yield of scarcely 15 per cent, of the theoretical was the best that 
could be obtained under the different conditions tried, and it 
generally amounted to about 10 per cent, only. 

The reason of the unsatisfactory yields is at present without 
explanation. It may bo due to the solubility of the ammonium 
salt of the dicyano-imide, which is not precipitated from the 
alcoholic solution, as is the case in other condensations of a similar 
nature; but it is also conceivable that the effect of a seven- 
membered ring may be to inhibit the closing of a piperidine nng^. 
in the same way and for the same reason as it may be expecte<l 
to facilitate the formation of a three-membered ring, that is, by 
reducing the angle between the two valencies of the quaternary 
carbon atom which do not take part in the formation of the seveii- 

menibered ring. , 

An examination of the mother liquor from the original com 
densafcion has led to the discovery, in addition to cyanoacetami e 
and unchanged ketone, of a compound apparently formed from 
one molecule of the former and two molecules of the Utter by the 
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elimi nation of two molecules of water, doubtless in accordance 
>vith the following scheme : 


' V-OH + HCH 


CN 

I 


(jHg-CHg-CH. 




+ OH-C: 


/GH-CH.-CH, 
•n/ ' I ' 


(JO-NH, 


\, 




CHj-CHj-CH, 


\r 


CN 

I 


OHj-CHrCIl 


-nn^ 


*v — < I 

(VI.) 


although the experimental data are as yet insiirflcienb to establish 
the constitution with certainty. 

All examination of the main condensation product showed that 
it was formed in the usual manner from one molecule of the ketone 
reacting with two molecules of cyan oacet amide (see p. 640). It 
possessed the usual properties of such compounds, crystallised well, 
and gave on treatment with cold concentrated sulphuric acid the 
(liamide, 

CH,-CH,.CH CH(CO*NH,).CO 
^CH(CO-NH2)'CO'^ 

(VIL) 


On complete hydrolysis by ineans of boiling 85 per cent, 
sulphuric acid, a fair yield of (^yc^oheptant'di^tceiic a<‘id was 
obtained from the imide. 

The acid, which melts at 156 — 157^, greatly resembles its homo- 
logiies, cyriohexanediacetic acid (Thole and Thorpe, /oc. cit.^ 
]). 445) and cy c?opent a nedi acetic acid (Kon and Thorpe, loc. cit.^ 
p. 700), and was characterised by the formation of its anhydride 
and seminnilide, wliich crystallise very readily. 


Experimental. 

Preparafwfi of Suberic Acid. 

Markownikov's method i^Ber., 1894, 26, 3089) was followed. 
One hundred kilos, of dilute nitric acid (I) 1'25) were gradually 
added to 50 kilos, of castor oil contained in a large steam-jacketed 
pan; each addition of the acid caused considerable frothing, so 
that the operatioji occupied several days; the contents of the pan 
were finally heated for another day. 

The aqueous layer was then syphoned out, and the gummy oil 
repeatedly extracted with boiling water. The combined aqueous 
solutions were evaporated to dryness, yielding about 5 kilos, of a 
rlark solid still oontajninated with oily matter. 
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The whole quantity was purified by dissolving it in water, boil- 
ing with animal charcoal (500 grams of crude acid, 750 c.c. of 
water, and 40 grams of animal charcoal), rapidly filtering, and , 
allowing to crystallise. The solid so obtained was sandy in appear- 
ance and melted indefinitely between 110° and 130°; the quaotitv 
was 3000 grama, which includes some recovered by extracting the 
charcoal with hot water. 

Preliminary experiments showed that Markownikov’s method of 
separating suberic and azelaic acids by means of ether {lot. cjf.) 
was extremely tedious and unsatisfactory, and an attempt was 
made to find a simpler method. This was ultimately achieved, 
enabling sufficiently pure suberic acid to be produced in one 
operation. 

Three hundred grams of mixed acids, purified as above, are 
suspended in 1500 c.c. of boiling benzene and brought into solu- 
tion by adding absolute alcohol (about 390 c.c. were usually 
required). On cooling, almost pure suberic acid, melting at 
136—138°, separates out, and can be used for the preparation of 
suberoiie without further purification. 

A second crystallisation is sufficient to give pure, although still 
somewhat coloured, suberic acid, melting at 139 — 140° (Found; 
C = 55‘01; H = 7’83. C 8 H ^^04 requires C^55-18; H = 8'05 per 

cent.). 

The separation of the acid was usually hastened by leaving the 
vessel in a cool place overnight, and it was found that the yield 
varied somewhat with the temperature, but was usually about 
120 grams; if it was much higher, the quality of the product was 
inferior. 

The mother liquors from the first crop of suberic acid were 
evaporated to half their bulk and allowed to crystallise again; 
from the solid which separated, more suberic acid could be obtained 
by repeating the process described above. The total amount of 
suberic acid produced in this way was 1500 grams. 

The combined mother liquors on evaporation yielded a residue, 
from which, after removing the oily impurities by rubbing twice 
with dry ether and pressing on porous plates, azelaic acid could be 
obtained in a state of purity by repeated crystallisation from 
water (m. p. 106°; Found: C = 57'42; H=8'30. C 9 Hjg 04 require? 
C = 57'44; H-8‘51 per cent.), but the quantity was rather small 
(200 grams). 


Preparation of Suherone, 

The catalytic process of the Farbenfabriken vorm. F. Bayer 
k Co, (D.R.-P. 256622), which was found to give sucdi exceilcul' 
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results in the case of adipic acid (Kon and Thorpe, loc, cit.), could 
not he applied to suberic acid, the latter distilling unchanged ; the 
modification involving the use of iron filings instead of baiyta as 
a catalyst was also unsatisfactory. The following method was 
liiially adopted. 

The suberic acid was converted through its ammonium salt into 
the calcium salt, using a 20 per cent, excess of lime. The salt 
was carefully dried at 100° and distilled in portions of not more 
than 28 grams at a time. 

The best vessel for the purpose was found to be a 500 c.e. 
couical flask suspended in an iron saucepan serving as an air- 
bath, and provided with an asbestos cover perforated to allow the 
neck of the flask to protrude. 

The flask was provided with a cork with two tubes passing 
through. One of these enabled a current of an inert gas to be 
circulated through the apparatus, whilst the other, which pene- 
trated half way down into the flask and consisted of capillary 
tubing (compare Young, T., 1891, 59 , 621), served as a still-head 
and was connected to the condenser. This arrangement minimises 
the decomposition, which is caused by the distillate dropping back 
on to the hot calciiun salt in the flask. 

Four such sets of apparatus enabled 1400 grams of suberic acid 
to be worked up in a few days. 

The crude distillate was separated from the small amount of 
water and fractionated, the fractions obtained from the total 
amount of suberic acid being as follows : 


(1) 

Below 100° 

8 

(2) 

100—160° 

15 

(3) 

160—174 

21 

(4) 

174-183 

362 

(5) 

183—190 

31 

(6) 

190—200 

26 

(7) 

200—240 

20 


cuuuga LU conuense witn etuy] cyanoacetato. 
An attempt was made to purify fraction (5) through the semi- 
carbazone, but this led to loss; the bisulphite method, however, 
proved very satisfactory, and a further 50 grams of pure suberone 
were obtained from the fractions of high and low boiling points. 


Condensation of Suherone with Ef.ki/l Cyanoacetate : of 

°-o-i-T)kijano<^yc]oheptane-\ : l-dmcetio Acid (V, p, 640). 

As already mentioned in the introduction, only a very poor yield 
^ the above condensation product could be obtained by the 
uareschi method, and the ketone, which had failed to react, had 
^^'^‘^^sred by a long and tedious process. 

Ihe best results were obtained as follows: 44 grams of suberone. 
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90 grams of ethyl cyanoacetate, and 200 c.c. of saturated alcoholic 
ammonia were mixed and kept in a stoppered bottle for ttre^ 
days. The mixture deposited a certain amount of cyanoacetamirie 
and assumed a deep yellow colour. It was mixed with atout 
800 c.c. of water, and the aqueous layer twice extracted with ether 
and acidified, when 11 grams of a crystalline solid were precipitate^] 
and 1'5 grams were recovered by evaporating the mother liq^Of 
to half its bulk. 

On recrystallisation from dilute alcohol, the compoiuid is 
obtained in colourless, sparkling plates melting at 203-5—204'^: 

0'1133 gave 0-2637 COo and 0 0646 H.O. C=-C3-71; n--'63| 

0T045 „ 15-95 c.c. N2 at and 767' 7 mm. N=: 17-38, 

requires C = 63’G4; H = 6‘17; N-IT'M per cent. 

(}i-7 mide of aa^^-BicarhomfiloycXohe'piane-X-.l'dui'Ceiic Acid 
(YII, p. 641). 

If the above dicyano-iniide is dissolved in ten times its weight 
of cold concentrated sulphuric acid, and the solution, after 
remaining for twenty- four hours, is poured on ice, a crystalline 
solid is gradually deposited. It foms transparent prisms blacken- 
ing at 295° and decomposing without melting at about 305°: 

0'0914 gave 11-9 c.c. N2 at 19‘5° and 765‘6 mm, N~ 14-98. 

CJ3HJ9O4N3 requires N = 14'94 per cent. 

It is very sparingly soluble in all solvents, but can be reoiystii]- 
lised from a large quantity of acetic acid. 

c,y<Aolf eptanc A ; \-diacetic A cul (IV, p. 639). 

Twenty grams of the dicyano-imide are dissolved in 70 c.c. of 
concentrated sulphuric acid, 15 c.c. of water are added, and the 
.solution is gently heated on a sand-bath until a vigorous evolution 
of carbon dioxide begins ; the temperature is then kept steady for 
about an hour until the reaction slackens, when the liquid is 
allowed to cool; 50 c.c, of water are then added, and the solution 
is boiled under reflux for five hours. When cold, the solution i» 
diluted with water and repeatedly extracted with ether, the acid 
being removed from the ether by shaking with sodium carbonate 
solution; it is precipitated when the latter is acidified (13'5 grains). 

The acid obtained in this way crystallises well from dilute 
alcohol in long, flattened needles, which melt at 156 — 157° It h 
very sparingly soluble in water or benzene, differing in the latter 
property from the isomeric methylcyciohexanediacetic acids, wliicli 
are appreciably more readily soluble in benzene; 

01282 gave 0-2902 COg and 0-0980 HgO. C = 61-73; 11 = 8-49. 

CijHjgO^ requires C~61‘64; H-8'46 per cent. 
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\ neutral solution of the ammonium salt of the acid gives no 
irecipitate with a normal solution of barium chloride. With 
alciuiii chloride, a precipitate is obtained on boiling the solution, 
lid this does not redissolve on cooling or adding water. 

The sil'ver salt is obtained as a curdy precipitate on adding a 
ointiou of silver nitrate to a neutral solution of the ammonium 
lilt. It is very sparingly soluble: 

0-3025 gave 0-1515 Ag. Ag = 50-08. 

C^iHjyO^Ag requires Ag = 50“42 per cent. 

The anhydride is readily formed by the action of boiling acetyl 
-bloi'ide on the acid, and crystallises in large laniiiipe as the reagent 
evaporates. It separates from light petroleum (b. ]). 60 — 80°) in 
ridescent plates melting at 75 — 76'^, and is slowly reconverted to 
[lio acid on boiling with water : 

01189 gave 0-2940 CO, and 0 0883 ILO, C:^^ 67-41; H-8-25. 

CjjHjpO^ requires C — 67-35; 14 =^8-22 per cent. 

Tlie sanuniilidc is prepared by boiling a l^cnzcnc solution of the 
uiliydride with aniline for a few minutes. It crystallises on 
L'vaporating off the benzene, and can be purified Ijy recrystallisatioji 
from dilute alcohol. It forms small plates melting at 139‘5— 140°: 

01321 gave 0’3409 CO 2 and 0-0957 HoO. C-70‘37; H-8'05. 

C 17 H 93 O 3 N requires C = 70-53; H = 8-01 per cent. 

The imide of cycloheptanediaceiic acid, 


CH2'CH,-CH2. .CHg’CO 
"^CHyCO 


>NH, 


is formed as a byqmoduct in the hydrolysis of the dicyano imide, 
and can be obtained by evaporating the ether used for extracting 
the acid after the latter has been removed by means of sodium 
carbonate solution. The solid residue crystallises extremely well 
from benzene, and is ol:)taiiied in large, iridescent plates melting 
at. 177—178-5°: 


0-1202 gave 8-0 c.c. N.i at 20 0° and 757 1 mm. N = 7-55. 

requires N = 7-18 per cent. 


Emminaiion of the Mother Jjiinon^ from the Orufmal 
Condematioiv (Compound VI, p. 641). 

The ethereal extract containing unchanged suberone is reduced 
to a small bulk by distillation on a steam-bath, using an efficient 
fractionating column to prevent loss of ketone. The residue in 
the flask is treated with a concentrated solution of sodium hydrogen 
sulj>hite, which rapidly combines with the ketone; the solid com- 
pound is isolated by filtration, purified by grinding with ether, and 
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yields, on. decomposition with alkali, the ketone in a state ei 
purity j about one-fifth to a quarter of the original auioiuit j. 
recovered in this way. 

The ethereal washings are added to the filtrate Irom tin 
hydrogen sulphite compound, which contains mainly cyanoa^t 
amide, in addition to oily impurities. On prolonged keeping, a 
small quantity of a very sparingly soluble solid separates, and can 
be purified by recrystallisation from much alcohol, separating from 
tliis solvent in prisms melting at 187°; 

0-1367 gave 0*3745 CO 2 and 0*1078 IlaO. 0 = 74*71; H,=8’76. 
0*1581 „ 14*8 c.c. N 2 at 22*0° and 748*8 mm. N = 10'40. 

C„H240N2 requires 0 = 74*94; H = 8*89; N = 10‘29 per cent. 

On boiling for ten minutes with concentrated hydrochloric acid, 
this compound is transformed into a semi-solid mass which solidifies 
on cooling. On crystallisation from dilute alcohol, this is 
obtained in small plates melting sharply at 137°. It is much more 
readily soluble in alcohol than the former compound, with whidi 
it is isomeric; 

0*1482 gave 0*4973 CO., and 0*1159 H.^O, C = 74'94; H = 8-69. 

0*1606 „ 14-6 c.c. Na at 21*3° and 775*2 ram. N = 10'46. 

These compounds are still under investigation. 

In conclusion, our best thanks are due to Prof, J . F. Thorpe, 
F.R.S., for his interest in the course of the investigation; we are 
indebted to Messrs. May and Baker, Ltd., of Battersea, for havin? 
undertaken the preparation of crude suberic acid from which our 
suberone was prepared; and to Mr, E. A. Perren, of this College, 
for his help in the purification of suberic acid. 

Imperial College ok SemnxE anp Tjccuxology, 

South Kensington. [Received, .4_pn7 28^^, 1920.] 


LXYlll.—Estimatwn of Nitroform hy Potassium 
Permanganate, 

By Phyllis Violet McKie. 

A SIMPLE and accurate method of estimating nitroform in 
presence of nitric, nitrous, and sulphuric acids when titration l)v 
alkali hydroxide (Hantzscli, Ber., 1899, 32, 628) is not applicahk 
is found in the reduction of permanganate in acid solution 
(compare Orton and McKie, this vol., 283). 

CH(N02)3+ 20a+ H3O = COa-f SHNOj. 
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That this equation quantitatively represents the reaction was 
confirmed by determining the nitric acid (by oxidation by ferrous 
in an atmosphere of carbon dioxide) produced from given 
"uaiitities of nitroform and potassium permanganate. Thus it 
was found that 1 mole of potassium nitroform 189T5) 

reduced (i) 79-84, (ii) 79-96, (hi) 79 95 litres of .V/lO-pei-mau- 
aatiate, and yielded (i) 2*997, (ii) 2-990, (iii) 2-995 moles of nitric 
acid. 

To ascertain the best procedure and to test the accuracy of the 
method, standard solutions were made up of the pur© potassium 
and ammonium salts, which were j) repared from pure tetranitrm 
methane by the methods, respectively, of Hantzsch (Joe. cit.) and 
Pictet and Genequand {Ber., 1903, 36 , 2228), and recrystallised 
by slowly evaporating their aqueous (alkaline in the case of the 
ammonium salt) solutions at the laboratory temperature over 
sodium hydroxide under diminished pressure, and shielded from 
light. 

The volumetric procedure, which was found to give the best 
results, is as follows. After ascertaining roughly the volume of 
permanganate which is required by some volume of the given 
nitroform solution, 25 o.c. of the latter are added to a known 
excess (50 c.c.) of A/ 10-permanganate acidified with 10 c.c. of 
10 per cent, sulphuric acid. The mixture is then heated to 30°; 
after remaining for one minute at that temperature, 20 c.c. of 
a 2-5 per cent, solution of potassium iodide is added, and th© 
liberated iodine titrated with A/lO-thiosulphate, using starch-paste 
as indicator. 

As the reaciiou is rather slow, both considerable excess of per- 
mangauate and the elevated temperature (30°) are essential; 
extension of the time or a higher temperature is not permissible, 
owing to a separation of manganese dioxide which then occurs. 
Failure to oxidise the whole of the nitroform is indicated by a 
persistent yellow colour after the titration of the iodine. 

In nitration products, titration in the manner described results 
in a reduction of the permanganate equivalent both to the nitro- 
form and to the “nitrous acid” (compare Lunge, “Sulphuric 
Acid and Alkali,” 4t}i ed., 1913, 1, i, 388). To determine the 
nitroform, the mixture may first be titrated, then the “nitrous 
acid” removed (partly) by aspiration, and the mixture again 
titrated. It is found that at a given temperature and with a 
given air current, the percentage loss of nitrous acid is independent 
of the initial concentration within wide limits. Thus, at 16°, with 
an air current of O’l litre per minute, it was found that ^3-3 
(72*8 — 73-9) per cent, of the nitrous acid disajppears in. on© hour 
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from solutions containing nitric acid (7 — 8 per cent.), nitroforiA. ' 
and nitrous acid. 

An alternative method is the destruction of the “nitrous add” 
by ammonium nitrate (compare Gailhat, J. Phdvpi, Chim.., igoo^ 
[vi], 12 , 9, and Gerlinger, Zeitsch, anr/ew. Chem,, 1902, 14 , 1250, 
both of whom used ammonium chloride). The substitution of 
carbamide for the purpose leads to a small (8 — 10 per cent.) lojs 
of nitroform. 

To a solution of nitrofonn containing O' 2—0-3 gram of nitrouK 
acid, 3 grams of ammonium nitrate are added; the mixture, whidi 
should not be alkaline, is boiled for a short time (one minute 
suffices), cooled to 30*^, and titrated with pennanganate. That the 
destruction of the nitrous acid is complete can be shown by 
potassium iodide, a reagent which is not affected rapidly by nitro- 
form. The table illustrates the results of experiments in which 
nitrous acid was removed by ammonium nitrate. 


CK(NO,)j. 

NaNOj. 

N/lO-KMnO^. 

Nitroform. 

CK(NOJa 

found, 

CK(N0,), 

found. 

Gram, 

Gram. 

C.c. 

Gram. 

Percentage. 

0-03004 

0-04 

12-7 

0-03994 

100-0 

0-03004 

004 

12-67 

0-02995 

99-72 

0-03004 

0-02 

12-7 

0-03004 

100-0 

0-03004 

0-02 

12-69 

0-03000 

99-80 

0-03004 

0-06 

12-75 

0-03012 

100-3 

0 03004 

0-06 

12-72 

0-03007 

100-1 


As an alternative, the nitroform may be distilled in a current 
of steam from the product (100 c.c. acidified with 15 c.c. of phos- 
phoric acid, D 1-7), after treatmenb with ammonium nitrate, and 
the distillate titrated. About thirty minutes are required for the 
nitroform to pass over. 

Comparisons of the above method have been made with titration 
by alkali of the ]i it reform extracted by ether (in the absence of 
nitrous acid), or distilled in a current of steam, and also with a 
method based on the precipitation by nitron (Schmidt, Ber., 1919. 
52, [5], 400), which appeared while this investigation was in 
progress. The permanganate method is far more convenient, and, 
by comparison of the two methods, more accurate. 

TJNivEBaiTY College or North Wales, 

Bangor. 


Univebsity College, 
London. 


[Received, April Ith, 1920 .] 
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The Electronic Constitution of Normal Carbon Chain 
Compounds, Saturated and Unsaturated. EustacbIJ. Cur 

(CouyuMDJOPOULOs) (/. Amer. Chem. Soc., 1920, 42, 503 — 514). 

X theory of the constitution of carbon chain compounds is put 

forward, based on the conceptions of Hanke and Koessler (A., 
1919, i, 4). Two assumptions are made; first, that carbon com- 
pounds are polar in character, and, secondly, that carbon atoms 
in a chain tend to assume alternately positive and negative 
charges, and it is shown how, by these assumptions, the alternating 
character of many physical properties in homologous series, for 
example, the melting points in the fatty acid series, can be 
EMXJOunted for. Further evidence in support of the hypothesis is 
derived from a consideration of the manner of addition of 
hydrogen haloids to unsaturated carbon 
H compounds. The electronic formula 

I for propylene, for example, is as 

annexed ; the most hydrogenated 
carbon atom is electronegative ; the 
adjacent carbon atom is electropositive, 
and combines with the electronegative 
tialogen (Maitovnikov's rule). A number of exceptions to this 
rule, Ipatiev’s rule for the addition of hydrogen bromide to com- 
pounds of the type R 2 C-C-CH 2 , and the isomeric rearrangement 
>f alkyl haloids are accounted for by the hypothesis. 

E. H. R. 


H+_C--^Ci:C- +H 


+ 

H 


H 


Condensations 0 ! n-Butyl Alcohol and n-ButaldehydOi 

Charles Weizmann and Stanley Prederick Garrard (T., 1920, 
L17, 324-338) A 

The Walden Inversion. II. P. Karrer and W. Kaase 
lielv. Chim. 1920, 3, 244—251. Compare A., 1919, 

, 570).- — The action of hydrochloric acid on isobutylene oxide 
esulta in the formation of y-chloro-a-methyipropan-jS-oI, accom- 
panied by an isomeride, which Michael considered to be j3-chloro- 
!-inethylpropan-y-ol. There is, however, no positive evidence in 
avour of this view (Krassusky, A., 1907, i, 459), but confirmation 
•f it is now brought forward. y-Ckloro-^e-dimethylhexa/nr-^-ol, 
'Hp'CHMe'CHg'CHCbCMe/OH, obtained by the action of mag- 
i^ium methyl iodide on ethyl a-chloro-y-methylvalerate, is a dear 
d, b. p. 770/12 mm., with an odour resembling that of turpentine, 
VOL. CXVITT. i. 
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and has [ojj -57*2° in alcohol. By treatment with potassiuia 
hydroxide, it is converted into )8€-dimethylhexene-iSy-oxide, 

0 

/\ 

CHs-CHMe-CH2‘CH*CMe2, 

b. p. 134—136°, [a]])® +8-97° in alcohol under ordinary pressure 
or 46°/ 17 mm., a clear liquid with a refreshing, fruity odour. It 
reacts instantly with cold concentrated hydrochloric add, 
Although the product boils at 77°/ 13 mm., and has the same 
odour as the above chlorodimethylhexanol, it has [a]D +14'lo° in 
alcohol, and must therefore contain a certain proportion of the 
isomeric /J-chloro^/Se-dimethylhexan-y-ol. The possibility that the 
production of the mixture is due to a Walden inversion is excluded 
by the fact that it regenerates the above oxide when treated with 
potassium hydroxide. The paper concludes with comments on 
Clough's reply (this vol., i, 368). J. K. 

Preparation of Ethylene Glycol. Chemischb Fabrik GRiKaHKtsr- 
Elektron (D.R.-P. 300122; from Chem. Zentr,, 1920, ii, 241).— 
Ethylene is oxidised with permanganate solution in such a manner 
that (1) contact of the glycol formed with the permanganate is 
avoided as far as pcMsible, as, for example, by adoption of the 
counter-current principle, and (2) accumulation of manganese mud 
or other products which might retain the glycol in the reaction 
vessels is obviated. The yields are nearly quantitative. Technical 
ethylene, such as that obtained by the catalytic hydrogenation of 
acetylene, and therefore always containing a certain amount of 
impurities, of which the chief is ethane, may be advantageously 
us^. The ethane is then obtained as by-product. H. W, 

The Preparation of Halogeuohydrins. John Read and 
Margaret Mary Williams (T., 1920, 117, 359 — 362). 

Preparation of Pinacone. Farbbnfabriken vorm. Frieds 
Bayer & Co. (D.R.-P. 306304 ; from Chem, Zentr., 1920, ii, 445). 
— Acetone is reduced electrolytically in acid solution in thf 
presence of metallic salts, which inhibit its conversion into more 
completely reduced products, such as isopropyl alcohol. Salts of 
bismuth, mercury, manganese, nickel, antimony, silver, and iron 
are found to be particularly suitable for this purpose. H. W. 

Preparation of Pinacone Chlorohydrin. Farbenfabrikev 
VORM. FriEdr. Bayer & Co. (D.R.-P. 317635; from Chem. Zentr, 
1920, ii, 445 — 446). — Hydrogen chloride is allowed to act on , 
pinacone at a temperature which is above that at which thf 
hydrogen chloride additive product is produced, and below that 
which pinacolin is formed, or the additive product of pinacone 
and hydrogen chloride is heated to such a temperature. Pinaco^ 
chlorohydrin, a substance with a camphor-like odour, is formefl 

quantitatively at 35—45®. 
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(D.R.-P. 317589; frcxm Chem. Zentr., 1920, ii 445^ — 
aldehyde vapour la treated with hydrogen in the abs’ence of oxyren 
and presence of a contact agent. 

In previous processes, alcohol has been invariably produced bv 
passing mixtures of acetaldehyde and hydrogen over catalyst^ 
(compare this voh, i, 134); apparently, electrolytic hydrogen has 
ten used whmh invariably contains oxygen Only traces o 
ether are fonned from a gaseous mixture containing even a few 
tenths per cent, of oxygen, whilst, in the complete absence of the 
latter, mix W of ether and alcohol are produced which contain 
? q/S n i®/®!™""- P^^oduction of ether commences at 

mo Ti” * decomposition of the acetaldehyde begins at 
about 170 , the temperature of the reaction chamber must there- 
fore be maintamed between 90® and 170®. \V 

The MechaiMm oi the Reaction between Ethylene and 
Sulphur Chloride. J. B Coxant, E. B. Habtshobx, anro 0 
Richardson (/. Amer. Chem. Soc., 1920, 42 585—5951 —The 
formation of ^^'-dichlorodiethyl sulphide by the action of Llphur 
monochlonde on ethylene at 40-60° is the result of two succLve 
reteions, which take place with different velocities. Experiments 
with carbon tetrachloride and triohlorodiethyl sulphide having 
confirmed the proportionality of molecular concentration of solute 
to depre^ion of freezing point of 0^'-dichlorodiethyl sulphide the 
reationship between ethylene absorption and dichlorodi;thyl 
sulphide formation in the above reaction was determined by t4 
Mtim of samples of the reaction mixture to such quantities of 
te pure sulphide as to depress its freezing point from 13'9° to 
^ tollowmg pairs of figures, the first represents the 
pe centage of sulphide in the reaction mixture when the ethylene 
absorbed was a percentage of the total eyentually absorbed given 
by the second figure: O'O, 23-8; 25-5, 45'0 ; 52 6 67-25 ■ 7n-l 
87-u ; 84-9, 100 0. The first stage in the reaction therefore consists 
further w^ Ti“^ ail intermediate compound, which only reacts 
.1 ti, ethylene when the absorption has reached about 30% ■ 

t the stage of 60—70% absorption, the reactions proceed at about 

htrn-T'®’ predominates ^completely. An 

lutermediate compound from sulphur dichloride can be isolLd in 

L llw ““ditiou (with sulphur and chlorine contents 1% 

low and W high, respectively, for the formula CH,ChCn,-SCli 

The riulting pali 

ft combines with sulphur when Warmed with 

ci-bm te? M® product is completely soluble in 

SaHnn "f®’ ^ polysulphide, since by 

~ snll unidentified 

al^ ftvrLl produced. The intermediate product 

verv r .hydrogen chloride slowly at 0®, rapidly at 50®, 

presence of iron or ferric chloride at 5®, and is 
ed into a viscid, black oil. A similar product, which 
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beihavefl very similarly, is present in sulphur monochloride whict 
has absorbed one mol. proportion of ethylene, but the presence of 
some unchanged monochloride and some dichlorodi ethyl sulphide 
prevents its isolation. Although the ethylene absorbed by sulphur 
monochloride amounts to 95% of that theoretically required for 
its complete conversion into the sulphide, only about 80% of this 
is actually produced, whilst only about 50% of the calculated 
amount of sulphur is produced (it is not precipitated, but is in 
colloidal solution, from which it separates slowly at the ordinary 
temperature and rapidly at 100°, leaving the freezing point of the 
disulphide unchanged). Correspondingly, a black tar, completely 
soluble in organic solvents, and so free from elementary sulphur, 
remains when the sulphide is removed from the final product hy 
distillation under reduced press;ire. This tar corresponds 
approximately in composition with the formula (CH2CbCH2)2Sr, 
and, in conformity with this, by oxidation with nitric acid, gives 
Bulphurio acid and a sulphonio acid, probably CH2C1*CH2*S03H 
(compare Spring, A., 1888, 664). The tar is decomposed by steam 
at 200°, leaving a black residue rich in sulphur, whilst the steam 
removes a yellow oil, which boils under reduced pressure with 
decomposition, and is probably (CH2C1*CH2)2S3, since, on oxida- 
tion, it yields sulphuric acid and a sulphonic acid. That the tar 
is not a product of decomposition during distillation follows from 
the fact that its mixture with the requisite amount of pure 
dichlorodi ethyl sulphide has the properties of the original crude 
product. J. K. 

Chlorometbyl Chloroformates. Andre Kling, D. Tlorentin, 
A. Lassieur, and R. Schmutz (Ann. Ohzm., 1920, [ix], 13, 44 — 59). 
— A more detailed account of work already published (compare this 
voh, i, 8, 139, 213). W. G. 

Alcoholysis. II. Alcoholysis in the Absence o! a 
Catalyst. J. J. Sudhorodgh, N. B. Bbagvat, and V. K. Bhagvat 
(/. Ind, Imt, Sci., 1918, 2, 121 — 136). — A study of the alcoholysis 
in the absence of a catalyst of the methyl and ethyl esters of three 
pairs of acids, chosen so that each pair were similar in constitution, 
one being, however, a relatively strong acid and the other rela- 
tively weak. The results clearly indicate that esters derived from 
relatively strong acids enter into double decomposition with mono- 
hydrio alcohols more readily than do the corresponding esters of 
weak acids. 

Experiments made with methyl dichloroacetate and propyl alcohol 
confirmed these results, but in this case there was also a certain 
amount of replacement of the chlorine by the propyl group. 

W. G. 

Colloid Chemical Studies of Soaps. III. Colloid 
Chemistry of Potassium Oleate and the Salting-out of 
Soaps. IV. Reaction of Soaps to Indicators. M. H. 

Fischer and MaRion 0. Hooker (Ohem. Eng., 1919, 27, 253 — 261. 
271 — 276. Compare this vol., i, 215). — In the first paper the various 



ORGANIC CHEMISTRY, 


i. 365 


theories are discussed that have been proposed to explain the salting 
out of soaps. The electrolytic theory which attributes the results to 
the neutralisation of the charge on the particles is inadequate. The 
authors advance the following. When small amounts of salt are 
added to a soap— water system the molecules of the former become 
hydrated and dispersed in the soap-water medium. Further addi- 
tion of the salt causes not only a greater dehydration of the soap, 
hut also an increase in the viscosity of the system due to the larger 
proportion of the disperse phase. When sufficient salt has been 
added the hydrated particles of salt touch one another and a reversal 
takes place, whereby the largely dehydrated soap becomes the dis- 
perse phase. As the density of the dehydrated soap is much less 
than that of the salt solution the former rises to the top. 

In the second paper the contention is raised that a soap made 
from equivalent amounts of a fatty add and a standard alkali solu- 
tion is either add, neutral, or alkaline toward an indicator, such 
as phenolphthalein, depending on the concentration of water in the 
system. A soap-water system may be water dispersed in hydrated 
soap or hydrated soap dispersed in water. Indicators react with the 
latter, but not with the former. On heating a soap gel the water 
may change from the disperse phase to the disperse medium. For 
this reason the indicator might react with the system at the higher 
temperature, where it could not do so with the cold gel. These 
facts must be borne in mind in the application of indicator methods 
to biochemistry. Living matter is made up of colloids containing 
water rather than of water containing colloids. It therefore is not 
always possible to determine by the use of an indicator whether 
living matter is acid, neutral, or basic. Chemical Abstracts. 


jS- Alky Ithiolcro tonic Esters. Helmuth Scheibler and Julius 
Voss (Ber., 1920, 53, [/f], 379— 388).— A series of )3-a]kylthiolcro- 
tonic esters has been prepared by the action of sodium alkyl sul- 
phides on the isomeric j8-chlorocrotonic esters. In striking contrast 
to the behaviour of the corresponding free acids, it is found that 
the normal form is the more stable ; isomerisation during the course 
of the reaction appears to depend not only on the mercaptan used, 
but also on the particular ester employed. 

The )3-chlorocrotonic esters are most advantageously prepared 
(yield, 90 — 95% of that theoretically possible) by converting the 
adds into their chlorides by means of thionyl chloride and treating 
the crude product of the reaction, after removal of excess of thionyl 
chloride, with the requisite alcohol. 

Methyl ^-benzylthiolcrotO'nate, colourless, rhombic leaflets, m. p. 
69 — 70°, is prepared by the action of a methyl- alcoholic solution of 
sodium benzyl sulphide on methyl chlorowocrotonate or methyl 
chlorocrotonate or from cold methyl alcohol and jS-benzyl- 
thiolcrotonyl chloride. Ethyl ^-hemylthiolcrotonate, six-sided plates 
or rhombic crystals, m. p. 64‘5°, is exclusively formed by the action 
of ethyl /3-chlorocrotonate on an alcoholic solution of sodium benzyl- 
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sulphide; with the corresponding iso-ester, however, the main pro. 
duct is ethyl ^henzylthMlisocrotonate^ viscous, yellow oil, b. p 
204 — 205®/ 15 mm., but a small proportion is always converted into 
the normal ester. Ethyl )3-chloroMOcrotonate yields a mixture of the 
isomeric ethyl ^-ethylihiolcrotonates) by fractionation of the pro- 
duct obtained by the action of sodium ethyl sulphide on the mixture 
of ethyl j8-chlorocrotonates it was found possible to isolate the 
w-ester, b, p. 125 — 126®/ 14 mm., 127 — 129®/ 16 mm., and 
232 — 236® /ordinary pressure, and the normal ester, b. p 
139— 14P/16 mm. H. W. ’ 


Metallic Compounds of the Enolic Forms of Carbonyl 
Compounds and their Application to Syntheses, I. Pre. 
paration and Properties of Metallic Compounds of Enolic 
Forms of Fatty Esters. Action of Ethyl Potassioacetate 
on Halogenacyl Compounds. Helmuth Scheibler and Julius 
Voss {Ber., 1920, 53, [^], 388 — 409. Compare Scheibler and Babe, 
A., 1916, i, 14). — The potassio-derivatives of esters which contain 
at least one hydrogen atom attached to the carbon atom in the 
a-position to the carb alkyl oxy-group* are readily obtained when an 
ethereal solution of the ester is added to the finely-divided metal 
which is covered with ether heated to gentle ebullition ; the metal 
dissolves immediately with evolution of hydrogen, and the metallic 
derivative remains more or less completely in colloidal solution in 
the ether. Sodium acta less energetically, and the corresponding 
derivatives can frequently be only obtained in boiling benzene or 
toluene solution, whereby they are partly decomposed. Increase in 
the weight of the alkyl oxy-g roup appears to facilitate the reaction. 
The ester-enolates are very unst-able substances, which, however, 
may be preserved for several days under ether in an atmosphere of 
hydrogen or nitrogen. Condensation with resulting formation of 
brown products occurs when their suspensions or solutions in benzene 
or toluene are warmed, and, on subsequent acidification with dilute 
mineral acids, acidic products are obtained. They are immediately 
decomposed by water into ester and alkali hydroxide; addition of 
alcohol causes the separation of alkyloxide. Dry oxygen is ab^rfaed 
with formation of brown products. They react with carbon dioxide 
to give colourless potassium salts of carboxylic acids, which are 
stable towards oxygen and water, but contain the carboxyl group 
very loosely combined. They readily undergo addition, condensa- 
tion, and substitution. Of the various derivatives prepared, ethyl 
potassio-acetate has been most fully investigated ; apart from lU 
mode of formation, the main evidence on which the formula. 
CH 2 iC(OK)‘OEt, proposed for it rests is its action toward ethvl 
chloroformate. When the substances are brought together in cold 
ethereal solution, potassium chloride is immediately precipitated > 
and the primary, unpleasant-smelling product is decomposed when 
the solution is boiled, yielding substances with an ester-like odout| 
on acidification of the solution, carbon dioxide, ethyl acetate, ethy 
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carbonate, and ethyl malonate are obtained, the latter in very small 
amount. The reactions may be represented by the schemes : 

9nH;C(0Et)'0*C02Et — ^ [CH2:C(0Et)-0]2C0 + Et^COg j 

[CH2:C(0Et)-0]2C0 + H20-> SCHg-COaEt-f-COg; 
[CH2:C(0Et)*0]2C0 + 2KOH— > 2CH3*C02Et+ KgCOg. 

Xhe reaction just described offers a certain contrast to that 
observed by Bouveault and Locquin (A,, 1906, i, 782), who, by the 
action of sodium on solutions of fatty esters in ether or benzene and 
decomposition of the products with water, obtained ketols; the 
difference is to be ascribed to the different mode of operation since, 
in the present instance, the experiments were performed in such a 
manner that the liberated hydrogen was immediately removed, 
whilst the French chemists worked at a lower temperature at which 
the reducing action of the gas could come into operation. 

The following individual compounds are described : ethyl potaeeio- 
acetate, pale yellow, amorphous, very hygroscopic powder; methyl 
jiotQ^noacetate, pale ochre*yellow ; ethyl sodioacetate, pale reddish- 
yellow; amyl sodioacetate, yellow; ethyl 'potassiopropionate, pale 
yellowish-red; ethyl potassiohutyrate, yellow, amorphous powder; 
ethyl potassiocrotonate, ochre-coloured powder; ethyl potassio-^- 
ethoxy crotonate ; methyl potassio-^-ethylthiolcrotonate, yellow pow- 
der, which does not absorb dry oxygen; ethyl potassio-$-ethylthiol- 
crotonate, ochre-coloured powder; ethyl potassio-B-ethylthiol- 
isQcrotonate resembles the preceding substance; methyl sodio-B- 
lenzylthiol crotonate, red powder; ethyl potassio~B-henzylthiolcro- 
imate, yellow; ethyl sodio-B-henzylthiolhocrotonate resembles the 
isomeric compound; ethyl dipotassio-BB-thiodicrotomate, wine- 
red powder; ethyl potassiocinnxim.ate, red powder. Ethyl acetoace- 
tate (1 mol.) and potassium (2 atoms) yield a white product which 
is readily soluble in ether to a brown solution, but half of the 
potassium remains unchanged. Ethyl aa-diethylacetoacetate evolves 
hydrogen when treated with potassium, and yields a yellowish-red, 
pulverulent, metallic derivative, which is probably farmed by enol- 
isation of the /8-carbonyl group. Benzoic ester, on the other hand, 
does not evolve hydrogen when treated with potassium, but slowly 
gives a black product, which yields acidic substances after being 
decomposed by water. 

The action of acetyl and benzoyl chlorides on ethyl potassioacetate 
is fundamentally similar to that of ethyl chloroform ate. When the 
solutions are heated, however, various condensation products are 
formed. The primary product obtained by the use of acetyl 
chloride is smoothly converted by gaseous ammonia into acetamide 
and ethyl acetate, NH 3 -hCH 2 ".C(OEt)* 0 *COMe—CH 3 *CO*NH 2 -f 
CH,:C(OEt)*OH['-^CH 3 -C 02 Et]; when, however, the pr^uct is 
distilled it gives alcohol, ethyl acetate, acetic acid, and acetic anhy- 
dride. Similarly, the substance formed when benzoyl chloride is 
employed yields alcohol, benzoic anhydride, ethyl benzoate, and 
benzoic acid. Alcohol and acid anhydride appear to be the primary 
decomposition products from which ester and acid are sub8ftf|uently 
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formed. In addition, a highly unsaturated residue with a terpen, 
aceous odour is obtained, which boils over a wide range of teuipeja. 
ture and from which it has not been found possible to isolate an’t 
individual substance. H. IV, 

The Walden Inversion. G. W. Clough {Helv. Ghim. Acta 
1920, 3, 233 — 235). — The criticisms of Karrer and Kaase (A,, ig^g’ 

i, 570) are based on a misconception of the author's views; further 

the conclusions as to configuration drawn by Karrer and Kaase 
from their experimental observations on rotatory dispersion are 
premature in the present state of knowledge. The author doubts 
the wisdom of changing the designations of ordinary malic and 
aspartic acids from I to d. J. K. 

Preparation of Compounds of Deoxycholic Acid. 

Heinrich Wieland (D.R,-P. 317211; from Ghem. Zenir., 1920, 

ii, 447). — The acid is mixed with a hydrocarbon or other organic 
compound with the exception of ether and acetic acid. 

Choleic acid from bile, which has hitherto been regarded as an 
isoraeride of deoxycholic acid, is an additive product of the latter 
with fatty acids (palmitic, stearic, and oleic) in the proportion of 
eight molecules of deoxycholic acid to one molecule of fatty acid. 
The stable additive products (which are not dissociated in solution) 
of deoxycholic acid with hydrocarbons, alcohols, phenols, aldehydes, 
ketones, carboxylic acids, and their esters and alkaloids, whicli 
frequently contain the components in definite stoicheiometric rela- 
tionship, are generally termed choleic acids, so, for example, cam- 
phor choleic acid, phenol choleic acid, etc. Stearincholeic acid, m. p. 
186®, is prepared from deoxycholic acid and stearic acid dissolv^ 
in alcohol. N aphthalenecholeic add [naphthalene (1 mol.) and de- 
oxycholio acid (3 mols.)] has m. p. 182°. The choleic acids which 
are freely soluble in alcohol are prepared by dissolving deoxycholic 
acid in the molten component, allowing the product to crystallise, 
and removing the excess of the second component by a suitable 
solvent. Phcnolcholeic acid crystallises from a small quantity of 
alcohol, is odourless, and yields sparingly soluble c^cium and 
barmm salts. Bcmaldehydecholeic acid, from benzaldehyde (1 mol.) 
and deoxycholic acid (3 mols.), has m. p. 168°. The products are 
expected to find application in pharmacy, H. W. 

The Enolisation of Carbonyl Compounds under the 
Influence of Grignard's Reagents. Vina yak Kbshav Bhaovat 
and J. J. SuDBORoUGH (/. Ind. Inst. Sci., 1919, 2, 187 — 194).— 
Using the method described by Hibbert and Sudborough (T., 1904, 
86, 936) for the estimation of hydroxyl groups in carbon compounds 
by measuring the volume of methane produced by contact with an 
excess of magnesium methyl iodide solution, the authors have deter- 
mined the enolisation produced in a number of aldehydes, ketones, 
and )3-ketonic eaters by contact with Grignard's reagents. 

fThe results indicate that the carbonyl group in aldehydes and 
ketones is only euolised to a small extent, 11% being the maximum) 
under these conditions. In ^-diketones and /3-ketonic esters, how- 
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ever, the carbonyl group shows a very great tendency to undergo 
enolisation. In the case of benzoyl- and acetyl-acetone as much as 
90*?^ 0^ enolic form is produced. W. G. 

The Vapour Pressures of Acetone. G. R. Paranjpk (/, 

Ind. Sci,, 1918, 2 , 47 — 58). -—Using the statical method, 

the author has measured the vapour pr^ures of acetone over the 
temperature range —50° to 15° for a sample of fermentation 
acetone, 0*7909, and for a sample of commercial extra pure'' 
acetone, DS 0-7865. W. G. 

Biochemical Synthesis^ of some Disaccharides : Gluco- 
bioses, Galactobioses. JKuile Bourquelot {Ann. Ckim., 1920, 
[ix], 13 , 5 — 44). — A full account of work already published (com- 
pare A., 1913, i, 1080, 1305; 1914, i, 72, 499, 662; 1915, i, 76, 
501, 940; 1916, i, 596; 1917, i, 250; 1919, i, 137, 361). W. G. 

Occurrence of Melezitosein Honey. C. S. Hudson and S. F. 
Sherwood (/. Amer. Ckem. Soc.y 1920, 42 , 116-— 125),— The 
occurrence of melezitose in manna from the Douglas fir of British 
Columbia has recently been reported (A., 1919, i, 59); the same 
sugar has now been found in several samples of honey. In 
estimating the percentage of melezitose, advantage is taken of the 
fact that invertase hydrolyses sucrose, but not melezitose; the 
change in rotation after treatment with invertase and acid, 
respectively, is therefore determined, or, alternatively, the reducing 
power may be measured after similar treatment. H. W. 

Crystallography of Melezitose, Edgar T. Wherry {/. 

Amer. Vhem. Soc., 1920, 42 , 125 — 128). — The crystals of melezitose 
dihydrate belong to the rhombic system, and are seemingly holo- 
hedral, but no doubt bisphenoidal, a:6:c“l-216:l:0*496. Under 
the microscope, melezitose presents the form of plates and rods, 
in part rectangular in outline and in part terminated by faces 
inclined at large angles. The habit and the weak double refrac- 
tion are useful in the identification of this sugar in honeys or 
honey dews; the dextrose which frequently separates from honeys 
is in rods terminated at one end by planes lying 60° apart, and 
rounded at the other end, and in parallel polarised light shows, 
at least in the centres of the grains, brilliant colours of the second 
order with — elongation. Sucrose can also be readily dis- 
tinguished from melezitose by its much greater double refraction, 
a being 1'45 and y 1-57, and by breaking into irregular fragments 
with oblique extinction. The refractive indices for melezitose for 
different wave-lengths are given in the appended table. 


Wave-lene;th. 


Index. 

450. 

500. 

550. 

1) 589. 

600, 

660. 

a 

1-550 

1-546 

1-542 

1-540 

1-540- 

1-538 

s 

1'658 

1-553 

1-550 

1-648 

1-547 

1-546 

7 

1-661 

1-556 

1-552 

1-550 

1-649 

1-547 

7-« 

o-on 

0-010 

0-010 

0-010 

0-009-t- . 

0-009 


H. W. 


o’ 
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Glucosides. VI. Constitution and Configuration o! 
Glncosides. P. Karber {Belv. Chim, Acta^ 1920, 3, 258“-*260).-. 
Pictet has been led by bis observation that the laevoglucosan 
obtained by distillation of starch and cellulose (A., 1918, i, 59j 
can be similarly obtained from a number of glucosides (this vd., 
i, 66) to suggest that the y-oxide formula for glucosides should 
bo modified. Since, however, he also found that ordinary o-glucose 
only yielded traces of the laevoglucosan, and the glncosidea lie 
examined were all i5-compounds, it appeared to the author that 
spatial configuration might be the determining factor in the reac- 
tion. He confirmed this hypothesis 


Pw.nTT ^7 showing that a considerable 

I j amount of Sevoglucosan is obtainable 

un PH-.PH.PH -OH from jS-glucose. Perhaps, therefore, 

' Starch and cellulose contain %luco- 

I 0 sidic linkings ; it is possible that they 

j contain the Ijevoglucosan grouping. 

but not necessarily so. The stmo 
ture of the trim ethylglu cose obtained from cellulose (Denham and 
Woodhouse, T., 1917, 244) suggests that the glucose residues in 
cellulose are coupled at the points indicated (see annexed 
constitution). 


The Substitution of Halogens for the Amino-group in 
Aliphatic Amines. Chemische Fabrik Flora (Brit. Pat. 132245}. 
—The amino-groups of aliphatic amines may be replaced hy 
chlorine or bromine by treatment at 50—100° with a mixture of 
nitric acid (D 1*4) and concentrated hydrochloric or hydrobromic 
acid respectively. The reaction, which from the technical point 
of view is particularly applicable to the amino-acids, such as leucine 
or aspartic acid, is accompanied by vigorous evolution of nitrogen, 
and proceeds without appreciable formation of by-products. 
Instead of using a mixture of the two adds, nitric ^id may te 
used with a chloride or bromide, or the halogen acid with a nitrate. 

G, F. M. 


Preparation, Crystallography, and Optical Properties ol 
Methyl- and Ethyl-ammonium Mercuri- iodides. George s. 
Jamieson and Edgar T. Wherry (J. Amtr. OUm. 1920. 
42 136— 145).-- It has been found recently by Woodward and 
Als’berg (unpublished work) that minute quantities of tertiary 
methyl- and ethyl-amines can be precipitated and detected y 
Mayer’s reagent in the presence of primary and secondary aminM 
provided only small quantities of the latter are present; wi 
larger quantities, however, the latter substances also give F*' 
cipitates, which are now described. All the substituted ammonium 
mercuri-iodides are bright yellow in colour, and are 
by water, yith the separation of red mercuric iodide, iney au 
dissolve readily in an excess of potassium iodide, and care is tuere 
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fore necessary in the preparation of Mayer’s reagent, which is made 
dissolving exactly 45 grams of mercuric iodide and 33 grams 
of potassium iodide so as to make 100 o.c. of solution. 

J)methyla/rnmoniuni mercuririodide^ NHoMe^Hglg, m. p. 122 °, 
mercuri4odule, m. p. 136®, diethylamm(ynmm 
jiitrc^Ti-iod^^y m. p. 114°, and tnethylamirionhnn mtrcuririodidt^ 
m, p. 77 — 78° or 59 — 60°, according to the mode of preparation, 
are described. Diraethylamine and diethylamine cannot be 
detected in this manner if present in amounts less than 20 and 
4 mg. per c.c. respectively. 

The refractive indices of the compounds are extremely high (1*9 
to 2 ' 0 ), but cannot be accurately determined by the immersion 
method, since these substances are decomposed more or less rapidly 
by all suitable liquids. The following crystallographic data are 
recorded: dimethylammonium mercuri- iodide, monoclinic, domatic, 
(z:5 :c-0’9687 : 1 : 1-3406, j3 = 78°20'; diethylammonium mercuri- 
iodide, rhombic, peri -cubic, a: 6 :c — ri572:l:0'9102; trimethyl- 
ammonium mercuri-iodide, rhombic, peri-hexagonal, a:h:c — 
1'7262 : 1 :0'9569; triethyl ammonium mercuri-iodide, monoclinio, 
peri-tetragonal, a\h :e=l*15:l : T08, /3 = 62°30^ ; tetram ethyl- 
ammonium mercuri-iodide, rhombic, peri-hexagonal, a:h'c- 
0-59:1 :0'52; tetraethyl ammonium mercuri-iodide, tetragonal, 
^i:c = l:lT577. H. W. 

The Stereochemistry of the Platinum Atom ; on Re- 
latively Asymmetric Syntheses in Inorganic Complexes. 

Alexander P. Smirnov 01elv. Ghim. Acta, 1920, 3, 177 — 195). 
—Werner has described the preparation and resolution into optic- 
ally active components of the compounds [Pt 6 n 3 ]X 4 {Vierteljah's- 
xchrift Naturf. Ges. Zurich, 1917, 62, 553), and the author now 
describes similar experiments with the salts [PtpnJX^ (pn = 
propylenediamine) . No isomerism conditioned by the cis- or 
fra/7.s-positions of the methyl groups was observed when either the 
racemic or one of the SLctive forms of the diamine were used ; all 
three series of salts closely resembled those derived from ethylene- 
diamine, bub their solubility, especially when the active forms were 
present, was much greater, and this at first f)reveiited the resolu- 
tion of the inactive forms. The molecular rotations of the salts 
derived from each of the active forms of diamine are remarkably 
high and of equal value, but of opposite sign, this being the same 
as those of the diamines themselves ; for example, [MJj, for 
Dj,-[Pt J-pn3lCl4,lH.p 

and for Lj,-[Pt l-png]Cl 4 ,lH 20 =i035° and —1013° respectively 
It therefore seemed possible that the members of one series were 
the optical antipodes of those of the other, and this was confirmed 
hy a consideration of the molecular rotations of the plati-com- 
pounds containing either one or two molecules of propylenediamine 
(Tschngaev and Sokolov, A., 1909, i, 137). From these it appears 
that the presence of each molecule of propylenediamine carries 
'^ith it a rotation of 96°. In the above instances, the observed 
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rotation is very much in excsess of 288°, the value calculate on 
the basis of three molecules of diamine, and the difference repre. 
sents the rotation due to the asymmetry of the complexes them- 
selves. This difference, however, is considerably greater than that 
observed by Werner for the rotation of the optically active 
ethylenedi amine salts, owing to the influence of the methyl groups 
As the salts are colourless, they show no absorption in the visible 
spectrum or anomalous curve of rotatory dispersion, and no con 
firmation of the above conclusions is obtainable on optical grounds^ 
but these are available in the case of the corresponding cobalt 
compounds. Thus, a comparison of the curves of molecular rota- 
tory dispersion of D^ — [Co tf-pno]Bro,2H20 and 
Lb -[C o lpn3]Br3,2H20 

with those of and ^p-[Coen 3 ]Br 3 , 2 H 20 shows that they 
have the same form, with points of inversion, respectively, at 
fifi503'b and 492, and maxima (or minima, as the case may be) h 
the region (i/jl 517 — 527. The values for the ethylenediamine salt 
are throughout numerically greater than those for the propylene- 
diamine compounds, because these are composite values represent- 
ing the effe^ of the active complexes and that of the activ{ 
propylenediamine. The latter is always opposite in sign to tk 
rotation of the free propylenediamine (Tschugaev and Sokolov)., 
and, as a consequence, in the region where the values for the: 
ethylenediamine derivatives show that the effect of the complej 
13 scarcely perceptible, a second reversal of sign takes place at 
/£/i 62G. Finally, the product which separated when a solutioc 
containing [Ptr.-pn 3 ](c?-C 4 H^OQ)<, was nucleated with 

was identical with this compound, and 

D„-[Pt/-pn3](rf.C,H,0,),,H,0 

was obtained from the residual solution after treatment witt 
potassium chloride. 

In both cases, therefore, a total asymmetric synthesis has teec 
effected, which is parallel to the formation of one rhamnohexonic 
acid and one mannoheptonic acid only from rhamnose and 
mannose (E, Fischer and others, A., 1888, 1049; 1889, 480). 
This phenomenon therefore extends to atoms with other spatial 
relationships than that of the tetrahedral carbon atom, and th 
internal spatial configuration of molecules associated with a central 
atom determines the spatial relationship of such molecules to iliat 
atom. 

T,-Phtinnm tripropylenediamine tetrachloride^ 

[Ptpn3lCl4,H20_, 

prepared by heating an alcoholic solution of chloroplatimc acii) 
at 100° with r. -propylenediamine hydrochloride, forms a white 
granular, crystalline powder after crystallisation from dilute 
alcohol; the hromide^ r.-[PtpD 3 ]Br 4 , from the chloride by douhl< 
decomposition with sodium bromide, is a yellowish-white, crysUl 
line powder; the iodidCy r.-[Ptpn 3 ]l 4 , from the chloride 
ammonium iodide, is orange-yellow, but blackens even in the darh 
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the sulphatCj r.-[Ptpn3](S04)2, and the nitrate^ ^•■[P^P*^s](NOg)4, 
are obtained from the chloride and the corresponding silver salts, 
\.piaiinum tri'propyl^o.nediamin e tet rachloride, 
Zo-[Ptc?-pn3]Cl4,H20, 

prepared from cf-pr op ylenedi amine, has [M]^ -844*^, [M]j^ -1013°, 
rj/Jg-1419° in 0'5% aqueous solution. The bromide^ 
ZrD-[Pt(^-pn)3Br4, 

iodidCy Lj)~ [Pt £^piig]l4, and tartrate, 

X;, - [Pt^3^pn3](^^C4H40,)2,H20, 

(rive very similar values for their molecular rotations. 
trip’O'pylcnediaminer tetrachloride 
i)n-[Pt^pn3]C]4,H20, 

lias [M]c +839°, [3/] +1035°, [M]^ +1413° in 0*5% aqueous solu- 

tiou; the bromide, - [Pb^pn^jBr^, iodide, Z/p ^-[Pt^png]!^, 
and tartrate, Dj, ” [Pt^-png](^C4H406)2,H20, were also prepared. 

The chloride and bromide of each of the’ last two series, obtained 
by resolution of the salts of the racemic series, agreed in their 
properties with the above description. From the chlorides, the 
respective active forms of propylenediamine were obtained by 
decomposition at 100° with formaldehyde solution. 

Salts of the tr i-^propylenedi ami necobalti- series have already 
been described (Tschugaev and Sokolov). Tri-<i-propylenedi amine- 
cobalt bromide, Z>p[Coc?-pn3]Br3,2H20, was prepared by heating 
fZ-propylenediamine with chlor open tarn mi necobalt chloride, or 
1 : 6-dichlorotetrapyridinecobalt chloride, or 1 : 6-dichlorodi- 
propylenedimineoobalt chloride; the solution of the chloride thus 
obtained being treated with sodium bromide. Details are given 
of the values for the molecular rotations with various wave-lengths, 
from which the curves described above were constructed. 

J. K. 


Preparation of Hexamethylenetetramine. A. Sandbr 

{Zeitsch. angew. Ghem.^ 1920, 33, 84).— The author disputes 
Herzog's contention (this vol., i, 292) that the formation of hexa- 
methylenetetramine by treatment in the cold of an ammonium salt 
with excess of formaldehyde is confined to the carbonate. The reac- 
tion also takes place with other ammonium salts, and may be 
utilised for their estiination. Ammonium carbonate, however, more 
readily yields a pure product than other salts. W. J. W. 


Synthesis of a Peptide of Aspartic Acid by means of 
Vegetable Enzymes. C. Ravenna (Atti Accad. Lincei, 1920, 
[v], 29, i, 55 — 58).- — Treatment of aqueous asparagine solution with 
pulped spinach leaves in presence of toluene for twenty days at 
about 25° appears to result in the formation of the dipeptide of 
aspartic acid, asparagylaspartic acid (compare this vol., i, 150, 151) 
in small proportion. Further experiments on a large scale are in 
progress. rjf 'q 
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Compounds of Thiocyanates of certain Bivalent Metal 
and Hydrazine. Priyadahanjan Ray and Puun Vihari Sar^ 
(T., 1920, 117, 321—323). 

Chromic Thiocyanates. Niels Bjerrum {DeL K. Dansk 
Vidensk. Sehkabs Skrifter^ Nat. Math,, 1915, 7, pp. 66- frn* 
Chem. ZitniT.y 1920, i, 414 — 415). — A full account is given of th 
complex chromic thiocyanates and their equilibrium. ^ 

Tervalent chromium yields the following complex ions with H 0 
and CNS (CNS = X), in which the water is replaced step by step L 
the CNS radicle; Craq6+ ++, Craq 5 X++, Craq 4 X 2 Craq,X' 
Craq 2 X 4 -,^ CraqX^--, and CrX^^-- The subsuV 
CraqgXg, is a non -electrolyte. The existence of the second and 
third complexes could be established in solution, but the corre- 
sponding substances could not be isolated in the solid state; they 
are insoluble in ether. Trithiocyanotriaquochromium could be 
obtained in the crystalline condition, but not in a state of purity 
in solution, it can be prepared in a much purer form. The mol^ 
cular conductivity of a OTA-solution of the crystals is p = 3-87 at 
0°, whilst, under similar conditions, the value p = 250— 300 is in 
general observed for a tervalent electrolyte. When dried in a 
vacuum, the very hygroscopic crystals retain 3-2— 3-6 H: 20 , which 
is obviously chemically combined in the complex. The tetrathio- 
cyu-rzo-complex could be obtained in the form of a dilute solution of 
the free acid, from which the corresponding salts were prepared, but 
could not be isolated in the solid state. Quinine and strychnine 
yielded precipitates of varying composition ; quinoline salts gave an 
oily precipitate. The free acid is freely soluble in ether, in which 
the salts do not dissolve. The pentathiocyano-com-plex was isolated 
as the beautifully crystalline quinoline salt, from which the free 
acid and the sodium salt were prepared. It contains IHgO in com- 
plex union ; the free acid is soluble in ether, but the salts are not., 
jhe qwnohne salt (which does not contain water of constitution) 
and the 'pyrkline salt of the hexathiocyano- complex are described. 
All the chromothiocyano- complexes give red dish- violet solutions in 
water, the shade becoming more r^ and deeper with increasing 
CNS content. 

For the soluble complexes the partition-ooefEcient between ether 
and water at the ordinary temperature is: Craq 3 X 3 , ca. 3‘6; 
H[Craq 2 XJ, ra. 9‘4 ; HsfCraqXJ, ca. 4; H 3 [CrXJ, ca. 0*3. 
Tn the cases of the tri- and tetra-thiocyano-complexes the values for 
the partition-coefficient depend somewhat on the mode of prepara- 
tion of the compounds, which probably points to the presence of 
mixtures of stereoisomerides, such as are to be expected from 
Werner’s theorv. 

The velocity of decomposition of the several complexes has been 
measured by estimating the concentration of the CNS ions by the 
coloration with ferric nitrate. In aqu^us solution, the stability 
of the hexathiocyano-complex is almost independent of the reaction 
of the solution. The remaining complexes become more stable in 
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a«id solution as their CNS content diminishes, whilst the reverse is 
jlie case in alkaline solution. The trithiocyanocomplex is fairly 
stable in ethereal solution, in which the stability of the other 
rapidly diminishes with the CNS content. The com- 
plexes are sensitive to light. 

^ Analytical methods for the estimation of the several complexes 
}jave been worked out. The hexa- and penta-complexes are first 
precipitated as quinoline salts, and their relative proportions in the 
precipitate are elucidated by estimation of the Cr and CNS content. 
The tri- and tetra-complexes are removed from the filtrate by means 
of ether when it is found possible to separate them by fractionation 
and to determine their amounts by two chromium estimations. 
Finally? chromium and thiocyanogen are titrimeirically estimated 
in the extracted aqueous solution, and the content of mono- and 
di-complex can then be calculated if the content of hexa-aquo- 
complex is known. The latter is determined by precipitation as 
chrome alum with potassium hydrogen sulphate and alcohol. 

The chromothiocyano-complexes are slowly formed in solutions 
which contain the hexa-aquochrome-ion and the CNS ion. At the 
ordinary temperature, however, the stable state is not attained for 
some years. The chemical equilibrium between the various com- 
plexes and the CNS ion has been determined in aqueous solution at 
50° for ten solutions. The results of chemical analysis are con- 
firmed by measurements of the eleetrolytic conductivity. The 
affinity of the chromium atom for the CNS ion in normal solution 
ia calculated from the equilibrium constants in the usual manner, 
and is found to be +3710 cal. for the first and —570 cal. for the 
last CNS group. 

Graphs are given showing the relationship between the com- 
plexity and the concentration of the CNS ion, from which the 
equilibrium in a solution can be calculated if the concentrations of 
Cr and CNS are known. H. W. 

The Thiocyanates of Gold and Free Thiocyanogen. Gold 
Chloride. Niels Bjerrum and Aage Kirschnkr [Dei. K. Danske 
Vidensk. Sdskahs Skrifter, Nat, Math., 1918, 8 , pp. 76; from 
Chem. Ze/itr., 1920, i, 415 -417). — The thiocyanates of gold have 
been investigated, since they are representatives of very complex 
and somewhat unstable salts, and permit the examination of the 
different stages of oxidation of a metal. The behaviour of aurithio- 
cyanates leads to the assumption of the existence of free thiocyano- 
gen in solution. 

Potassium aurithiocyanate, KAuX^ (X = CNS), is very sparingly 
soluble in water, the solubility product being 6 x 10 “'Mn T4 ionic 
normal solution. Amnioniu77i aurithiocyanate, NH 4 AUX 4 , is a 
reddish -yellow substance prepared by the precipitation of an 
aqueous solution of ammonium thiocyanate with a solution of auric 
chloride (0*4% Aii) in hydrochloric acid. Sodkim aurithiocyanate 
forms ruby-red needles, solubility product 5x10-^ in 2’2 ionio- 
Rormal solution. Hydrogen aurithiocyanate, HAuX 4 , 2 H 20 , forms 
dark red crystals and is prepared by mixing an acidified solution of 
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lodium thiocyanate with chloroauric acid and extracting the solu. 
tion with ether. In pure solution, the aurithiocyanate is mainly 
present as the ion, AuX^", the complexity constant of which, 
Ax=AuX4/Au+++xX-S 

is times as great as that of the AUCI4 ion. 

is dark reddish-brown in colour, and at \ = 578 p/x has a molar 
extraction-coefficient, 108. When the concentration of the thio- 
(^'ano-ion is greater than 0*2, penta- and hexa-thiocyanoauri-ions 
are present in considerable amount, the complexity constants of 
which are = AUX5-/AUX4 x X - 1*0 and 

AuRhj' X Rh = 1*1. The colour is darker than that of the tetra- 
complex, whilst the molar extinction-coefficient for the penta-coin- 
plex is about 218 and for the hexa-complex about 248 for \ = 578fiji. 
At low concentrations of the thiocyanogen and hydrogen ions, the 
tetra-complex appears to undergo hydrolysis according to the scheme 
AUX4" -f- H20 = AuX 3(OH)-' -h H+ -l-X", hut even when H+ and 
Rh“ = 0*01 scarcely more than 20% is thus decomposed. The tetra- 
thiocyanoauri-ion is dissociated into dibhiocyanoauri-ion and free 
thiocyanogen, AuX4“ — AuX2“ + Xg, the latter functioning as 3 
colourless, composite halogen, the activity of which lies between 
those of bromine and iodine; it is liberated from thiocyanates by 
bromine, but immediately displaces iodine from iodides. It is 
extremely unstable and rapidly undergoes hydrolysis in aqueous 
solution, 3(CNS)2-i-4H20 = 5H+-f5(CNS)-+HCN + H2S04; this 
final result is due to four partial processes: (1) (CNS)2-)-H20 ^ 
H+ + CNS- -I- H(CNS)0; (2) 2H(CNS)0 H+ -h CNS~ + 
H(CNS)0.; (3) H(CNS)0 + H(CNS)02 H+ (CNS)- + 

H(CNS)03 ; (4) H(CNS)03 + HgO HCN + Ii,S04. The velocity 
of reaction is conditioned by the slow rate of the secjond process, for 
which the following equation is valid: = — A'[HXOp- 

-ZX2/[H+Px[X-]2, k being about 5 at 18°. 

Hydrogen aurothiocyanate, HAuX^, is prepared as an unstable 
oil by the reduction of hydrogen aurithiocyanate with sulphite, 
acidification of the solution, and extraction with ether. The cone- 
spending potnMinm salt consists of slender, colourless needles readily 
soluble in alcohol, but decomposed by water. The ammonium salt is 
colourless and crystalline. The complexity constant of the AuXg" 
ion, which is present in the aqueous solution of these salts, is 
times smaller than that of the corresponding cyanogen ion. Mon- 
amminoaurothiocyan^ite,' AuNH^X, from ammonia and dithio 
cyanoauro-saltg in reversible reaction, is unstable and sensitive to 
light. 

Aurithiocyanate may be estimated in the presence of aurothio- 
cyanate by titration with sulphite until a colourless solution results, 
since the latter ion is colourless. In solution, aurithiocyanate is con- 
verted into aurothiocyanate by auto- reduction in accordance with 
the scheme: 3AUX4- + 4H2O = SAuXg- + 5H+ + 5X- -f-HCN + 
H2SO4; the presence of hydrogen and thiocyanogen ions and of 
aurothiocyanate ret-ards this action, which is caused by the 
instability of free thiocyanogen liberated owing to dissociation of 
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auritliiocyaiiate. The rat© of reaction can be calculated from 
dissociation constant of auri thiocyanate and the velocity of 
decomposition of thiocyanogen. A solution of aurothiocyanate dis- 
j^ates into gold and aurithiocyanat© : SAuX^" = 2 Au + 
'AuX 4 ' + 2 X-, the equilibrium constant of which is ca. 33. The 
rate of reciprocal action increases with decreasing concentration of 
3' and CNS-ions. The presence of gold powder catalyses the 
change. The conjoint efiPect of auto- reduction and precipitation of 
gold is that solutions of gold thiocyanate gradually deposit the 
whole of the metal. 

In hydrochloric acid solution the gold of chloroauric acid is 
mainly present in the form of the ion, AUCI 4 -, which, in pure 
solution, is hydrolysed as follows: AuCl 4 --}-H 20 = AuCl 3 ( 0 H)- + 
Hi + Cl". The equilibrium constant is 0 '5 5x10"^. 

The authors have estimated the following normal potentials at 
about 18° (X = CNS): ( 1 ) Au+ 2X“ = AuXg- + ®, 0-689 volt^ 
( 2 ) AuXo" + 2 Rh- — AuX 4 “ 4 - 20 , ()-645 volt; (3) Au-!-4X“” 
AuX 4 - + 3@, 0-660 volt ; (4) Au + 4C1- = AUCI 4 - + 3@, TOOl volt; 
( 5 ) 2 X“=X 2 -f 20 , ’ 0-769 volt. The value given by Abegg and 
Campbell for the normal potential of the gold auro-ion is untrust- 
worthy, since when measurements of the gold electrode potential 
ion in concentrated nitric acid solution saturated with aurous oxide 
are made, it is, in reality, the oxidation potential of the nitric 
acid which is determined. H. W. 

Isomerisation and Polymerisation of Methyl Thiocyanate. 

J, Gillis {Rec. trav. Ghim., 1920, 39 , 330 — 338. Compare A., 
1918, i, 157). — By repeating Walden's work (compare A., 1906, 
ii, 336) it was found that, at 130°, the influence of different dis- 
solved substances was variable. Except with cadmium iodide and 
sulphuric acid, the catalytic effect in causing isomerisation and poly- 
merisation is a minimum. Methyl thiocyanate undergoes appre- 
ciable isomerisation at 130°, and polymerisation is also noticeable. 
The ebullioscopic constant of methylthiocarbimide is in agreement 
with the constant deduced from Trou ton's law. 

A study of the influence of temperature shows that isomerisation 
is practically a complete reaction, but it is alw^ays accompanied by 
some polymerisation. Foreign substances introduced into the methyl 
thiocyanate may have differing catalytic effects on the isomerisation 
and on the polymerisation. Thus cadmium iodide accelerates the 
former and sulphuric acid the latter. W. G. 

New Method of Formation of Nitriles by Catalysis. A. 

Mailhe (Compt. rend., 1920, 170 , 813 — 815). — Aliphatic or 
aromatic nitriles may be prepared by passing the vapours of the 
Corresponding esters, along with ammonia, over aluminium oxide 
:>r thorium oxide at 500° (compare A., 1918, i, 105). It is now 
shown that the ammonia may be replaced by the vapours of 
primary amines, the action being R'COgEt-f = 

+ Eton + H 2 O -f- CnH.a. In some cases, slight secondary 
actions occur. W. G. 
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Preparation o! Unsaturated Nitriles by Catalysig, 

Alphonse Mailhe {BuU. Soc. chim., 1920, [iv], 27 , 226—229).-^ 
The method of preparation of aliphatic or aromatic nitriles, by 
passing the vapours of the esters of the corresponding acids, along 
with ammonia, over aluminium oxide at 480—500'^ (compare pre- 
ceding abstract), can be applied to the preparation of unsaturated 
nitriles, such as crotononitrile, oleonitrile, elaidonitnle, and 
cinnamonitrile. W. G. 

An Isomeride of Potassium Ferricyanide. 11. I. Bguucci 
{Gazzetta, 1920, 50, i, 23- -29) —Hauser and Bie^lski^s sUtemeiit 
(A 1913, i, 26) that the green isomeride of potassium ferricyanide, 
described by Ijocke and Edwards (A-, 1899, i, 407, 557), and 
‘studied by Bellucci and Sabatini (A., 1911, i, 430), Piutti (A., 
1912, ii, 712), and Wells (A., 1913, i, 347), consists of the red ferri- 
cyanide contaminated with a trace of Prussian-blue, is ^ 

Observations on some Organic Compounds of Arsenic. 

Alex. McKenzie and John Kerfoot Wood (T., 1920, 117, 
406—415). 

Influence of Position on the Boiling Points of Isomeric 
Benzene Derivatives. Nevil Vincent Sidgwick (T., 1920, 117, 
389—395). 

Some Derivatives of p-Dichlorobenzene. Joyce H. Crowku 
and L. Chas. Raifobd (J. Amer. Chem, Soc., 1920, 42, 145—152), 
—The investigation was undertaken with the object of finding a 
method of utilising the considerable amounts of ^dichlorobenzeufi 
which are formed as by-products in the technical production oi 
chlorobenzene. 

p-Dichlorobenzenesulphonic acid is most convmently preparw; 
tvield 85—90%) by heating ;^di chlorobenzene with sulphuric aoic 
cLtaining 10—12% of sulphur trioxide at 140—150°; 2:2':5:5' 
tetmchlorodipkenylsulphone, colourless, diamond -shaped crystals 
m. p. 179"^, is also formed. 2 : S-Dichloro-i-nitrobenzene cannot 
conveniently sulphonated, since reaction does nob occur below 150= 
whilst above this temperature, violent decomposition with alraos 
complete decomposition occurs. 2 : 

mlphonic acid, flat, yellow, very hygroscopic needles m. p. abou 
150°, can, however, be obtained hy the action of fuming mtn 
acid'(D 1‘6) alone or in the presence of concentpted sulpnun 
acid on p-dichlorobenzenesulphonio acid (the sodTU-m, 
ammonium.f and barium salts are described). The constitution c 
the acid is deduced from the reduction of its sodium salMo tn 
corresponding ^zmj’«o-compound (the acetyl derivative of which 
prepared) and oxidation of the latter to 2 : 5 -dichlorobenz.^umon< 
Reduction of an alkaline or faintly acid solution of the sodium sa 
of the nitrosulphonic acid yielded sodium ’. 5 : 5 ^-f€tmchcr< 
ozobenzeneA'A^-disulpkonate. 
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Benzenesulphonitroamide , Toluene-4-Balphonitroamide, 
2'Nitrotolaene-4-sulphoiiitroamide and some of their Salts. 

Bruce Reid Matthews {J. Physical Chem., 1920, 24, 108—119), 
number of metallic salts of benzenesulphonitroamide, toluene- 
4.sulpbonitroamide, and 2-mtrotoluene4-sulphoiiitroainide have 
been prepared and described. A mmonium henzenesulphonitro- 
amide, C6H^’S02*N(N02)’NH4, is formed by neutralising the free 
nitroamide with aqueous ammonia, and forms fine, yellow prisms; 
the corresponding sodiu?n, colourless crystals; calcium, b(vnnm, 
^tronlinvi, lithmm, silver, copper, and nkkel salts are described, 
and also deep blue needles of the composition 
(CeH,*S02-N-N02)2Cu,4Nn3. 

Strychnine henzen esulph omiroamide. , SOo’N^O.Jl 

is precipitated on adding strychnine nitrate to a hot aqueous solu- 
tion of the ammonium salt. 

Nitration of ^toluenesulphon amide with nitric acid 
(D 1'42 — r48) gives a mixture of p-ioluencsulphonmtroamidc, 
CgH4Me*S02*NH*N02, and 2-nitrotoluene'4-sulphonitroamide, 
from which the former is extracted with ether; the residue 
obtained on evaporation of the ethereal solution, when recrystah 
lised from toluene, gave a colourless, crystalline product, m. p. 
110°. The ammov/ium, potassium, harium, silver^ and copper salts 
are described. When silver oxide is added to an aqueous solution 
of the nitroamide, grey -col cured needles of the composition 
QH4Me'S02*NAg‘N0.2,2NHj5, and a similar copper compound, 
(C(;H4Me*S02*N[N02])2Cu,4NH3, can be prepared, '1-Nitro- 
ioJnene-i-sulphonitroamide, N0.2'Cp,H3Me*S02’NH*N02, is obtained 
in the process described; nitric acid (D 1‘48 — l oO) being employed. 
It farms pale yellow needles, m. p. 118'5°. The potassium, copper, 
silver, nkkel, and 'manganese, salts are described, and also silver 
and copper salts containing 2NH3 and fiNHg respectively. Prac- 
tically all the salts described are very soluble in liquid ammonia. 

J. F. S. 

Preparation of a/?-Dibromotetrahydronaphthalen6 and of 
A^’Dihydronaphthalene. Julius von Braun (D.R.-P., 316218 ; 
from Chern. Zentr., 1920, ii, 241).— Tetrahydronaphthalene is 
treated with the calculated quantity of bromine at 100 — 140°, and 
the dihromotetrahydronaphthalen© so produced is treated, if 
desired, with magnesium (1 atom) in the presence of ether or with 
tin (rather more than 1 atom) in the presence of alcohol. 
a.$-Dihro^notetrahydronaphthalene has ni. p. 69°; \^~ddiydro- 
naphthalene h3,5 b, p. 85°/15 mm., m. p. —8°, 0*9963, and is 

quantitatively transformed by bromine into the dibromide. 

H. W. 

Some Nitro- derivatives of Dimethylaniline. J. Smit {Proc. 
Akad. Wetensch. Amsterdam, 1920, 22, 523 — 525). — In the 
nitration of 3 : 4-dinitrodimethylaniline, if the nitric acid contains 
niucli nitrous acid, or if the action proceeds for a long time, or if 
the temperature rises above 20°, nibroso- compounds are obtained 
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as well as 3:4:6- and 2:3: 4-trimtrodimethylaniiineB. The author 
has isolated 3 : A:-dinitrofhtTiyhnethylmtrosoamm€^ m. p 
108 — 109°, and 3:4: G-trinitrophenylmethylnitrosom^me, m. p 
201°. 

By the nitration of 3 : G-dinitrodimethylaniline, in addition to 
the 3:4: 6-trinitro-derivative, a small amount of 3 : Q'dinitrophenyl 
methylnitrosoamine^ m, p. 132°, is obtained. In this nitration, 
the effect of nitrous acid on the reaction velocity is very great, and 
if the temperature of the reaction is perceptibly higher than the 
ordinary temperature, the only final product is 3:4: 6-trinitro- 
phenylmethylnitrosoamine. W. G. 

Catalytic Decomposition ol Schifi’s Bases. Alphonse 
Mailiie {Bidl. Soc. 1920, [iv], 27, 229 — 234, Compare A„ 

1919, i, 395). — When Schiff’s bases are passed alone over reduced 
nickel at 420 — 430°, a change first occurs which is similar to that 
which was found to occur during the catalytic hydrogenation (?oc. 
cit.), RCH:NR^ + 2 H 2 =R-CH 3 -fR^NH 2 , the hydrogen being 
formed by the partial destruction of the group R-CH:. In the 
second place, nitriles were formed, thus; RCH.NR^=RCN-hE'Hj 
this being, however, the less important change. W. G, 

The Constitution of Capsaicin, the Pimgent Principle 
of Capsicum. II. E. K. Nelson {/. Awer. Chem. Soc., 1920, 
42, 597—599. Compare A., 1919, i, 543) —Octovanillylamide 
(this vol., i, 154), like capsaicin, is very stable towards alkalis, and 
is somewhat soluble in concentrated hydrochloric ^id j also, free 
ammonia is easily liberated from free vanillylamine when it is 
boiled with water or solutions of alkaline carbonat^, thus explain- 
ing its observation by Lapworth and Royle during the alkaline 
reduction of capsaicin (T., 1919, 116, 1109). The objections of 
these workers to the formulation of capsaicin as decenovanillyl- 
amide thus lose their force, and the author has now confirmed this 
formula by the regeneration of capsaicin from decenoyl chloride 
(obtained from the decenoic acid produced from capsaicin) and 
vanillylamine. 

Indefinite results have been obtained from the oxidation of 
decenoic acid by chromic acid. By fusion with potassium hydr- 
oxide, acetic acid and an octoic acid, b. p. 240^-245°, with a 
branched carbon chain, are produced. The silver ocioatt, 
CgHj^OoAg, is sparingly soluble in water. J. K. 

Influence of the Sulphonation of the Phenol on the 
Yields of Picric Acid. M. Marqueyrol and P. Carre (Bull Soc. 
ehim., 1920, [iv], 27, 195— 199).— The' yield of pimo acid depends 
on the relative proportions of phenolsulphonic acid and phenoMi- 
sulphonio acid in the products of sulphonation of the phenol, m 
yields being much higher from the disulphonio acid. The maxi 
mum yield of phenol disul phonic acid is obtained by carrying ou 
the sulphonation for half an hour to one hour at 100° with five 
parts of 93% sulphuric acid to one part of phenol. W. G. 
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*Ilie Identification of Phenols. II. James A. Lyman and 
g Emmet Reid (7. Amer. Chem. Soc., 1920, 42, 615 — 619. 
Compare A., 1917, i, 333). — ^Nitrobenzyl ethers have been pre- 
pared from a number of phenols. It is advisable to employ as 
solvents for the etherification of esters of salicylic acid the respec- 
tive alcohols from which they are derived, and to avoid excess of 
alkali; otherwise interchange of the alkyl groups of the alcohol 
and of the ester takes place to a certain extent (compare Pardee 
and Reid, J. Ind. Eng. Chem.., 1920, 12, 129). The ^-nitrohenzyl 
ethers of the following phenols had the melting points indicated ; 
(^pitrophenol, 130°; jo-nitrophenol, 187’ 4°; 2 : 4-dinitrophenol, 
248°; oohlorophenol, 100°; j9-chlorophenol, 10T3°; 2:4:6-tri- 
bromophenol, 163'5°; gnaiacol, 63-6°; a-naphthol, 140°; 
jB-naphthol, 106’5°; salol, 87°; methyl salicylate, 128‘2°; ethyl 
salicylate, 125°; butyl salicylate, 92°; o-tolyl salicylate, 142'5°; 
m-tolyl salicylate, 118°. J. K. 

A Comparison of the Activity of certain Unsaturated 
Groups with the Activity of the Allyl Group in certain 
Ethers. S. G. Powell and Roger Adams {J, Amer. Chem. Soc., 
1920, 42 , 646 — 658).— A comparison of various unsaturated ethers 
with phenyl allyl ethers in respect of the rearrangement of the 
latter into o-allylphenols. Of compounds containing, like the allyl 
derivatives, an unsaturated linking in the j3y -position to the oxygen 
atom, phenyl and 2?-bromophenyl propargyl ethers do not yield 
phenolic compounds when boiled, but suffer complete decomposi- 
tion; phenoxy acetonitrile was decomposed to some extent when 
boiled, whilst a tarry product resulted from its 50-methyl deriv- 
ative, which, however, gave a little 7^cresol when its solution in 
amyl ether was boiled; the chief products of decomposition of the 
benzyl ethers were not diphenylmethane, but benzene, derivatives, 
and their j?-nitro- and ^bromo-derivatives suffered more or less 
profound decomposition. Contrary to the statement of D.R.-P. 
268099, phenyl and p-tolyl vinyl ethers do not suffer rearrange- 
ment, but decompose when heated, yielding phenol and p-cresol, 
5-Phenoxy-A“-butene, e-phenoxy-A^-pentene, and its j3 -methyl 
derivatives were all remarkably stable, and suffered neither re- 
arrangement nor decomposition when boiled. 

Phenyl vinyl ether, CHgiCH-OPh, from phenyl j8-bromocthyl ether, 
b. p. 155—156° ; ^-tolyl vinyl ether, CpHjMe'O'CHICHj, similarly 
prepared, with a pleasant odour, has b. p, 177 — 180°; 1’513; 

0'975 ; ^-ip-broTnopkenoxyethyUrimethylammonium bromide, 
C^H^Br’O'CH^'CHg’NMe^Br, white crystals, from p-bromophenyl 
j8-bromoethyl ether and trimethylaraine. y~Phe7ioxypTopylmethyl- 
carbinol, OPh*[CHJg’CHMe*OH, prepared by reduction of y-phenoxy- 
propyl methyl ketone, is a viscous oil, having b. p. lG3“/20 mm., 
1’5123, 1*025 ; by treatment with phosphorus tribromide; 

^-broim-t-phenoxypentane, OPh’[CHJ,’CHMeBr, is obtained. It is 
an oil, b. p. 172°/28 mm,, with 1*529, 1*258, and with alcoholic 

potash gives c-phenoxy-A^-pentene. t-Phenoxy-p-methyl-^^-pentene, 
OPh*[CHjl2‘CH:CMe2, 
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b. p. 2417V45 mm., Wd I’oOo, is prepared by fractionation of the 
product of the action of magnesium methyl iodide on ethyl y-phenoxy 
butyrate. Phenyl ^-bromoallyl ether, OPh’CHg’CBriCHg, for the 
preparation of phenyl propargyl ether, is best obtained from sodium 
phenoxide and tribromohydrin. Similarly, ^-hromoj^henyl ^-brom- 
ally I ether, CgH^Br’OOHj-t’Br.'CHj, is prepared from sodium p-bromo 
phenoxide as an oil, b. p. 17l®/22 mm., nf 1*587, 1-719; p-6romo. 

phenyl propargyl ether, CgH^BrO'CH^'ClOH, has b. p, 144724 mni., 
7*0 1'567, and 1*468; p hromophenoxyacetamide, 
CgH,Br-0-UHg*CU-NHg, 

forms needles, m. p. 148 — 149® ; p-methoxyphenyl p-niirobenzyl ether, 
Cj 4 Hjgt> 4 N, forms yellow needles, m. p. 88° ; p-hromopkenyl p-nitro- 
henzyl ether, CjgHio^ 'gNBr, yellow needles, m. p. 112°; 2: i-dihromo- 
phenyl p-nitrobenzyl ether, CigHgOgNBr^, yellow needles, m. p. 161®. 

J. K. 

Preparation of Derivatives of .^^-Acylated p-aminophenols. 

Farbenfabriken vorm. F. Bayer & Co. (D.R.-P. 316902; from 
Chem. Zentr., 1920, ii, 374). — iV'-Acyl derivatives of p-amino- 
phenols are caused to react with a-bromcha-ethylbutyrylcarbiinide. 
Thus, the a-hromoa-ethylbiUyrylurethane of p-acetylaminophenol, 
CEt^Br-CO'NH-CO^'CgH^'NHAc (from bromoethylbutyrylcarb 
imide aud a suspension of p-acetylaminophenol in acetone), forms 
small, colourless, shining leaflets, m. p. 144°. The a-hrmninx- 
ethylhutyrylcarhamic ester of p-hydroxyphenylcarhamide, colour- 
less crystals, has m. p. 187°. The products exhibit marked anti- 
pyretic and antincuralgic, and distinct sedative and hypnotic, 
action. H. W. 


Phenoltrisulphonic Acid and its Transformation into 
Picric Acid. JM. Marqueybol and P. Carr6 {Bull. Soc. chim., 
1920, [iv], 27, 199 — 204). — By the sulphonation of phenol with 
ten times its weight of sulphuric aeid containing 20% of sulphur 
trioxide, a mixture of phenol-di- and -tri-sulphonic cids is obtained, 
which contains 80% of the trisulphonic acid. On nitration, the tri- 
sulphonio acid gives a yield of picric acid equivalent to 90% of 
theory. Thus, in the nitration of the phenolsulphonic acids, the 
yield of picric acid increases from the mono- up to the tri-sulphonic 
acid. The ionisation of these acids increases in the same order- 
Phenoltrisulphonic acid gives two harium salts, 
■[0H*CgH.(S0,)3Pag,2H,0 



The barium salt is only very sparingly soluble in water, but barium 
sulphate may be washed free from it by 5% hydrochloric ^^d^ 


The Hydrolysis of Naphthyl Ethers. Gopii Balkeish^ 
Kolhatkar (/. Ind. Imt, Sciy 1919, 2, 179 — 186). — ;3-Naphtbyl 
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ethers are much more readily hydrolysed by hydrochloric acid than 
tjie corresponding a-naphthyl ethers, whilst the corresponding 
phenyl ethers are only decomposed to a very slight extent under 
similar conditions. ^-Naphthyl methyl ether is more readily hydro- 
lysed than jS-naphthyl ethyl ether. The amount of ether hydrolysed 
is practically independent of the amount of ether present, hut is 
approximately proportional to the volume of acid present, and the 
time of the reaction, and is also influenced by the concentration 
of the acid. W. G. 

preparation of Tetrahydro-jS-naphthyl Mercaptan. Georg 
S cHROETBR and Walther Schrauth (D.R.-P. 299604; from Ghem. 
Zentr.y 1920, ii, 447). — Tetrahy dr ©naphthalene is converted by 
chlorosulphonio acid into tetr ahy dr onaphthalene-/3- sulphonyl 
chloride, which is then treated with reducing agents. The 
&ulph(myl chloride has m. p. 55—56°, b. p. 194 — 195°/ 14 mm., and 
is converted by ammonia into tetrahydronajyhthalene-^-sulph&n- 
amide, m. p. 134—135°, and by potassium hydroxide solution 
(50%) into the crystalline potassium tetrahydronaphthalene-^- 
sulphonate. The sulphonyl chloride is reduced by zinc dust and 
sulphmic or hydrochloric acid to tetrahydro-^-fiaphthyl- 
mercaptan, b. p. 153 — 155°/ 26 mm., which has only a faint odour 
of mercaptan and yields a colourless, well-crystallised mercury salt. 
It is converted by methyl sulphate and alkali into the correspond- 
ing methyl ether, colourless, aromatic oil, b. p. 151°/ 14 mm. 
'htrahydronaphthylthiolacetic acid, m. p. 

133 — 135°, is formed by the action of chloroacetic acid on a solu- 
tion of the thiol in sodium hydroxide, and subsequent addition of 
acid. An ammoniacal solution of the mercaptan is oxidised by 
air to hi^etrahydronaphthyl disulphide, (C^qH 1 ^) 282 , m. p. 
87 — 89°. The “ thionaphtliol’’ is designed for the preparation of 
drugs, disinfectants, dyes, and explosives. H. W. 

1 ; 2; 2: 3-Tetramethylc^c2opentane- 1 -carbinol and its Deriv- 
atives. H. Rupe and P. L auger {Helv. Ckim. Acta, 1920, 3, 
272—298). — The purposes of experimental stereochemistry demand 
& primary alcohol, of considerable optical activity, and easily con- 
vertible into stable esters, including those of the halogen acids. 
Myrteuol fulfils these requirements (A., 1915, ii, 717; Zaslin, Diss., 
Basel, 1915), but is not easily accessible. Camphylcarbinol, other- 
wise suitable, is too readily dehydrated (A., 1919, i, 29). The 
authors have therefore studied anew the reduction of the carboxyl 
group of campholic acid by the method of Bouveault and Blanc, 
these workers having obf^ined very small yields in this case 
(A., 1904, i, 642). Apparently the first stage of such reductions 
consists in the addition of hydrogen with the formation of a hydro- 
derivative, because the yields in the present case gradually increase 
with the degree of nnsatu ration of the residue of the hydroxy-com- 
pound from which the ester is derived. Thus the ethyl, the wobutyl, 
the woamyl, the j 8 -naphthyl, and the phenyl esters respectively give 
yields of 10—15%, 22%, 25%, 64%, and 94—96%. 
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^-Naphthyl cam'pkolate, CgHj^’CO'O’CjoHy, silky leaflets, m « 
70°, is obtained from campholic chloride and either ^naphthol or 
its sodium salt. Phenyl campholate, prepared in a similar way, jj 
a liquid, b. p. 163°/ 10 mm. 1 : 2 : 2 ; 3-2^e^^am^^%fcyclo^7€7^^flne-^ 
carhinolf prepared by reduction of phenyl cam- 

pholate under carefully regulated conditions, for which the original 
should be consulted, is a waxy mass, m. p. 64°, b. p. 96 — 96 o2; 
10 mm., with a disagreeably penetrating odour, reminiscent of that 
of fenchyl alcohol; in benzene, it has [aj“ +53*36°; [0]“ +67*18o. 
[a]Hg(*=5j«'3j + '42°; [a]^ + 102*74° The 6en^oa^e, 

CgH^-CHs'O-CO-CeHs, 

is a viscid, colourl^ oil, almost odourless, b. p. 186°/ 12 mm. The 
corresponding aldehyde may be obtained from the alcohol by direct 
oxidation, or by Bouveault's catalytic process with copper, but the 
yields are poor. Better results are obtained by Merling's process 
(A., 1908, i, 653), which involves the following series of reactions. 
Campholic chloride is converted into the anilide, C^Hjy’CO’NHPh, 
leaflets, m. p. 93°. The crude phenylimi nochloride, obtained hv 
treatment of the anilide with phosphorus pentachloride, reacts 
vigorously with aniline, with the production of the diphmyl 
amidme, C9Hj+C(!NPh)‘NHPh, leaflets, m. p. 211°; this compound, 
by reduction in alcoholic solution with sodium, furnishes 1:2:2:3- 
tetramethyloyclopentane'l-diphenylmeth^/lenediwfnine, 

C9Hi+CH(NHPh)a, 

leaflets, m. p. 76 — 77°. This product, in its crude condition, after 
removal of impurities volatile in steam, is hydrolysed by the addi- 
tion of sulphuric acid and continuing the steam distillation. The 
yield is 45 — 55%. 1:2:2: S-Tetramethylcyclopentane-l-aldeh/de, 

C9 Hi 7*CHO, m. p. 37 — 38°, b. p. 73 — 74°/8 mm., resembles camphor 
in appearance, and has a somewhat disagreeable and penetratiDg 
odour. It has a burning taste. In alcoholic solution it slowly 
reduces Fehling'a solution. In benzene, [a]c +68*48°; [a]^ +89*26°; 
[ctjag +108-00°; [a]f +148*65° It is characterised by its semi- 
carhazone, fine ne^les, m. p. 220 — 221° (decomp.), its oxime, m. p. 
27 — 28°, b. p. 116*5- -11 7°/ 8 mm., its phenylhydrazone, a yellow 
oil, b. p. 189— 190°/8 mm., easily decomposed even at ordinary 
temperatures; it-s p-nitrophenylhydrazont, yellow leaflets, in. p. 
145°; and its p-hromoph enylhydrazone, red leaflets, ni. p. 145 — 146°. 
Ethyl ^hydroxyA : 2 : 1\Z-teiramethyl^yedif>pentaneA-iyrop\Qna{(, 
C9H]7'CH(0H)*Cn2*C02Et, from the aldehyde, ethyl bromoacetate, 
and zinc, is a yellow oil, b. p. 151 — 152°/ 10 mm. or 264°/73D mm.; 
its acetyl derivative, C9H^7*CH(0*Ac)*CH2*C02Et, is a colour- 
less, viscid oil, b. p. 1G5 — 167°/13 mm. ^-Hydroxy A 
methylcyclopentane-l-propionic acM, C9Hj7’CH(OH)*CH2‘C02H. 
prepared from the ester by hydrolysis with alcoholic potash, form? 
leaflets, m. p. 79-5—80° (decoinp. 140°), but can be db 
tilled almost without decomposition at 191 — 193°/ 10 mm. 
dehydration with acetic anhydride it furnishes l:2:2:3+<’fi''«- 
methylesydopentane - 1 - aceylio aefid, CcjH|7*CHICH‘COoH, loi^o 
needles, m. p, 101°; this compound may also be obtained by hydro- 



ORGANIC CHEMISTRY. 


i. 385 

lysis of the above acetyl derivative, or by distilling under reduced 
piessure ethyl ^-hromo-\ : 2 : 2 : ^'■tetramethylGydopentane-X-'propion- 
at() C9Hi7*CHBr’CH2*C02Et, a yellow oil, produced by the action 
of phosphorus tribromide on the hydroxy-ester. The acrylic acid is 
sparingly soluble in water, but readily in organic solvents: in 
benzene, [af + 52-06^ [a]^ -h 66‘82° ; [af, + 79-90'^; [ajf 

4-107*39°. The methyl ester, Ci3ll2202, is an oil, b. p. 131—132°/ 
U mm.; the chloMe, Cj^HjgOCl, an oil, b. p. 139°/ 13 nun.; the 
tihyl ester, an oil, b. p. 149°/12 mm., has \a\^ 4‘44‘91°; 

+57'51°, [ajng -l-68'80°, [a]^ +91'93°, and in benzene the 
values are +44*47°, 57*11°, 68'19°, and 91-60° 1 : 2 : 2 : S-Tefra- 

mefki/lcjclopenfane-l-propionic CgEiy'CHg'CHg'COyH, is pre- 
pared by reduction of the acrylic acid in aqueous alcoholic solution 
in presence of a 40% nickel catalyst (A., 1919, i, 29) ; it crystallises 
in large, thin leaflets, m. p. 89-5—90°, and in benzene has falj? 
+ 38-2P, fa], ^ +48-38°, [a]‘^, +57*20" [a]? +75-29"; the mag- 

neskpi' salt, [Ci2H2i^2]2^?> forms leaflets; the chloride, 0^2^21001, 
is an oil, b, p. 129°/ 12 mm.; the ethyl ester, Ci4H„fl02, boils at 138°/ 
12 mm. and has [af +32-32°; [a]^ +40'95°; [a]^/ + 48*59"; [a]f 
4-63-15° whilst in benzene the values are +32'94°, 41-66°, 49'14°, 
and 64-54°. 1:2:2: ^-Tefrajnethyhydopentylmethylcarhinol, 

C<,H,/CHMe*OH, from the above aldehyde and magnesium methyl 
iodide, is a clear liquid, b. p. 96— 98°/il mm., with a faint odour 
of camphor ; on oxidation it yields 1:2:2: 3-tetramethyloycZopentyl 
methyl ketone, b. p. 96 — 102°/ 12 mm. (Rupe and Kloppenburg, 
A., 1919, i, 539 ; Meerwein, A., 1919, i, 162). Phenyl 1 :2:2:Z-tetra- 
mtiliylndopentylcarhinol, CgHi;-CHPh-OH, m. p. 55°, b. p. 
172— 174°/ 11 mm., could not be oxidised to the ketone. 1:2:2:3- 
TetramethylcjdopentyUiyrene, CgHi/CHlCHPh, is obtained bv 
boiling the crude condensation product from magnesium benzyl 
chloride and the above aldehyde with acetic anhydride, and forms 
leaflets with a blue fluorescence, m. p. 51°, b. p. 146— 149°/11 mm. 
1 :2: 1'.Z-Tctramethyle^dopentvlhevzyharhinyl acetate, 
‘CgHi7-CH(OAc)-Cno-Cf,H,, 

needles, m. p. 81 — 82°, b. p. 189 — 192°/ 11 mm., is also produced in 
the reaction. J, X. 


Arbus terol and its Derivatives. Giovanni Sani {Atti B. 
Accad, JAncei, 1920, [v], 29, i, 59 — 61). — Arhusterol, 


a6H43-on,HnO, 

isolated from the oil of ArhuUis unedo seeds, crystallises in aggre- 
gates of silky, white needles, resembling bits of straw, m. p. 129°, 
[®]i> -'15’33°, its specific rotation being thus widely different from 
those of other phytosterols. In chloroform solution it gives with 
sulphuric acid a cherry-red coloration, changing to dirty violet with 
a purple reflexion, whilst the acid becomes at first yellow and later 
orown, with a green fluorescence. Its henzoyl derivative, 
forms shining, elongated, rectangular scales, m. p. 137°, 
and its acetyl derivative, C26H43‘OAc, crystals, m. p. 110°. The pro- 
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portions of halogens fixed by arbusterol differ from those fixed b 
other cholesterols, and are being further investigated. T. H. p ^ 

Volatility in Steam : Benzoic Acid and its DerivaUvei 

Nevil Vincent Sidgwick (T., 1920, 117, 396 — 406). 

The Use of Oxalyl Chloride and Bromide for Prodacins 
Acid Chlorides, Acid Bromides, or Acid Anhydrides, 

Roger Adams and L. H. XJlich {J, Amer. Chem. Soc.^ 1920, 42 
699 — 611). — When the method of preparation of aromatic anhydride 
from 1 mol. of oxalyl chloride and 2 mols. of acid (A., 1918, i, igg 
is applied to m- or ^-nitro-, 3 ; S-dinitro-, or 2 : 4 : B-trinitro-benzoii 
acid, mixed anhydrides, very stable towards excess of chloride an 
obtained, and these, except in the case of the last compound, wiiei 
melted give the simple anhydrides. Probably, therefore, in genera 
the course of the reaction is expressed as follows : 2RCOoH ■ 
(COCl)., 2HC1 + (R-C02-C0)2 (R-CO)oO + CO 2 . Less famr 
able results are obtained with aliphatic acids than with aromatii 
compounds, some acid being unchanged, and some acid chloridi 
being produced. Acid chlorides may be prepared smoothly and ii 
good yield by boiling acid anhydrides, including those of the nitro 
compounds above, with I’S— 2‘5 mols. of oxalyl chloride alone or ii 
presence of benzene for two hours ; the anhydrides may be replace 
by aromatic or aliphatic acids themselves, but in this case tin 
nitrobenzoic acids only give the mixed anhydrides. Arsenic tri 
chloride and chromyl chloride were also successfully prepared froj 
their oxides by this method. Either anhydrides or chlorides are 
however, better prepared from the sodium salts of the acids am 
1 or 1 — 1'5 mols. respectively of oxalyl chloride in benzene solution 
Possibly, in this case, mixed anhydrides are not intermediate pro 
ducts, because the nitrobenzoic acids do not exhibit the exceptiom 
behaviour previously noted. Oxalyl bromide behaves in a simih 
manner to the chloride; better yields of acid bromides i^’en 
obtained than with phosphorus pentabromide. 

Excellent yields of benzanilide, anisanilide, and _p-toluaniIidi 
were obtained from ethereal solutions of the appropriate ketoximft 
on adding O' 75 mol. oxalyl chloride, which therefore promotes th 
Beckmann rearrangement very effectively. 

^-Nitrobenzoic oxalic anhydride, C202(0*C0’CgH4’N02)2j ydk’ 
crystals, which melt and decompose at 169 — 170°. 

2:4; Q-Trinitrohenzoic oxalic anhydride, 

C202[0*C0-CeH2(N02)3]2, . ^ 

yellow crystals, melts and decomposes at 228—230°, but, unlike th 
other anhydrides of this type, furnishes 1 : 3 : 5-trinitrobenzene, and 
with sodium carbonate solution easily gives sodium trinitrobenzoate 

o-Chlorohenzoyl bromide, CgH^ChCOBr, has b. p. 143 — 145^ 
37 mm.; m-chlorobenzoyl bromide, b. p. 143— 147°/40 mm; 
'p-chlorobenzoyl bromide, b. p. 141 — 143°/27 mm.; o-bromobenzoyl 
bromide, b. p. 166 — 168°/18 mm.; ^-hromohenzoyl bromide^ b. 
135 — 137°/18 mm.; ^-iodohenzoyl bromide, m. p. 54 — 55°, 
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(jarkeiia; o-ioluoyl bromide, b. p. 133 — 136° /37 mm.; m-toluoyl 
b. p. 136— 137°/52 mm.; Y\-tQluoyl bromide, b. p. 
j 45_149°/4:2 mm.; i^-methoxy benzoyl bromide, b. p. 183 — 186°/ 
•’7 mni-j ra-nitroherizoyl bromide, m. p. 42 — 43°, b. p. 165 — 167°/ 

18 mm.; ^-nitrohenzoyl bromide, m. p. 63 -64°; '.o-dlnitrohenzoyl 

yomide, m. p. 59 — 60°; cinnaniyl bromide, m. p. 47 — 48°, b. p. 
|g 0 — 184°/40 mm.; 'phenylacetyl bromide, b. p. 150 — 155°/ 50 mm. 

J. K. 

Alcoholysis. Ill, The Alcoholysis of Aromatic Esters 
and the Inhibiting Influence of Ortho-substituents, J. J. 

ISiDBOROUGH and D, D. Karve (/. Ind. Inst. Sci., 1919, 3, 1—14. 
iCompare this vol., i, 364). —The results obtained with a large 
■number of esters of aromatic acids indicate quite clearly that sodium 
fllkyloxides or hydrochloric acid are excellent catalysts for the 
alcoholysis of these esters. An ethyl ester may readily be con- 
iv’crted into the corresponding methyl ester by dissolving it in ten 
times its weight of methyl alcohol, adding a small piece of sodium, 
and warming for ten minutes. Two substituents in ortho-positions 
to the ester group completely inhibit the change. The follovdng 
iiew esters have been prepared and characterised. 

■ Ethyl Z :b-dibromohenzoate, m. p. 51°, is obtained by eliminating 
the amino-group from ethyl Z’.b-dihromo-i-aminohcnzoate, m. p. 
108°, which is prepared by brominating ethyl p-amiuobenzoate in 
dilute sulphuric acid solution. Methyl Z '.b-dihroino-i-aminohenzoafe 
has m. p. 127 — 128°; ethyl 2\^\%-tr'ihromohenznate, m. p, 80°. 
Ethyl ‘l-A:^-trihromo-'^-aminohenzoate, m. p. 61 — 62°, was pre- 
pared from the silver salt of the acid and ethyl iodide. Methyl 
2:\:%‘trihromo-Z-aminohe7\2oate has m. p. 96 — 97°. Ethyl 
^•AA'.^-ietrahromobenzoafe has m. p. 31°; \?.ohntyl ^-nitrobenzo- 
ate has m. p. 64 — 65°; yrnpyl Z'.b-dinitrohenzonte has m. p. 71°; 
mhutyl Z :5-dinitrohenzoate has m. p. 85°; ethyl 2 :t^-dinitrohenzo~ 
ate has m. p. 75'5° W. G. 

Preparation of p-Carbamidophenylacetylcarb amide and 
Related Compounds. Mary Rising (/. Amer. Chem. Soc., 1920, 
42, 128 — 136. Compare Rising and Stieglitz, A., 1918, i, 271). — 
The successful preparation of p- car b amid opheny I aoetylcarb amide is 
described as the first of a series of carbamidophenylacylcarbamide^ 
which are intended to form a basis for the study of their physiologi- 
cal activity, particularly as hypnotics. 

];-Nitrophenylacetyl chloride is condensed wuth carbamide in boil- 
ing benzene to yield ^-nitrophenylacetylcarbamide, m. p. 237 — 239°, 
after preliminary softening and depending on the rato of heating 
(Jacobs and Heidelberger, A., 1918, i, 90, give m. p. 250 — 252°). 
This substance is quantitatively reduced by a solution of stannous 
chloride in cold glacial acetic acid which has been saturated with 
hydrogen chloride to Yi'amizinjdienylacetylcarbamide, which decom- 
poses without melting at 192 — 193°, and, in the form of its hydro- 
chloride, is converted by potassium cyan ate into p-car 6 «?n?Vfo- 

Vhenylacetylcarbamide, NH 2 »CO-NH‘C 6 H 4 -CH 2 *CO*NH*CO‘NH 2 . 
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The preparation of the following related carbamide derivatives \ 
also described: methyl p-aminophenylacetate, b. p. 140— 1590^ 
17 mm., and its hydrochloride from* p-aminopKenylaoetonitrile' 
p-carhamidophenylacetonitTilet m. p. from potassium cyanat« 

and 2?- aminophenyl acetonitrile hydrochloride; methyl p-carhamida 
phenylacetate, colourless, shining needles, m. p. 131 — 132^, by tli? 
esterification of j^-carbamidophenylacetonitrile and from methv] 
2?-aminophenylacetate hydrochloride and potassium cyanate- 
2?-carbamidophenylacetio acid, m. p. 184 — 185° (decornp.), tv 
hydrolysis of the corresponding methyl ester. 

The ethylation of phenyl acetonitrile with metallic sodium oi 
sodamido and ethyl iodide is fully discussed. H. W 

a-Bromo 0- and -p-nitrocinnamic Acids. S. Rsica and 

N. Y. Chang {Helv. Chim. Acta, 1920, 3, 235— 240). —A mixture 
of the two stereoisomerio ethyl o-bromo-p-nitrocinnamates is pro- 
duced in quantitative yield when an alcoholic solution of equi- 
molecular proportions of ethyl a/3-dibromo-^-p-nitrophenyl- 
propionate and anhydrous sodium acetate is boiled for two hours. 
The esters may be separated mechanically after crystallisation frorn 
light petroleum, and undergo hydrolysis to the respective acids by 
treatment at 100° with a mixture of glacial acetic acid (five parts), 
sulphuric acid (one part), and water (one part), allo-a-Bromo-p- 
nitrocinnamic acid, like its meta-isomeride (Reich and others, A., 
1918, i, 262), does not undergo condensation into a dibromo 
dinitrotruxone when treated with sulphuric acid; it is unchanged 
by the cold acid, whilst at 100° it is converted into its stable 
isomeride. Ethyl dWo-a-hromo-fynitrocinnamaie, 
NOg-CgH^-CHICBr-CO^Et, 

is a yellow oil, which does not solidify, and results as the sole pro- 
duct of the action of sodium acetate on ethyl o^-dibromo-iS-o-nitro- 
phenyl propionate. By hydrolysis under the above conditions, it 
is converted into the stable form of the corresponding acid (Naar, 
A., 1882, 840), the stability of the «7?o-forms of the three cdlo-^- 
bromonitrocinnamic acids and their esters increasing in the order 
ortho-, meta-, para-. ayS-Dibromo-jS-p-nitrophenyl propionic acid 
furnishes a hromo-p-nitrostyrene, N02*C6H4*CHICHBr, pale yellow 
needles, m. p. 45 — 46°, by treatment with sodium acetate in abso- 
lute alcoholic solution ; if aqueous sodium acetate or sodium 
carbonate be used, a stereouaineride, pale yellow needles, m. p- 
123°, is obtained. The same tribromo-compound, m. p. 83°, is 
produced from each by the action of bromine. Bromo-o-nitro- 
dyrene, NO^'C^H^-CHlCHBr, is similarly obtained in two forms, 
yellow, m, p. 70°, and a yellow oil, which each furnish a tri- 
bromo-compound, m, p. 80°. J. K- 

Influence of the Weight of Radicles on the Isomerisation 
of Ethylenic Compounds. S. Reich and Ren^e Couchet (Eth 
Chim, Acta, 1920, 3, 240 — -243). — 9 >\\(>a‘Bromocinnamtrihr(rno- 
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Qjiilid^, Ci 6 H 90 NBr 4 , m. p. 193°, accompanied by a small quantity 
the diBk\\o-a-bro7rio<rimuwiyl deri/vative, 

[CHPhlCBrCOjglN-CfiH^Bra, 

jjj p. 150°, waa prepared from the acid by treatment successively 
with phosphorus pentachloride in ethereal solution and tribromo- 
aniline in benzene solution. By exposure in benzene solution to 
light for sixty hours, or in presence of bromine in chloroform 
solution, it is changed into the stable isom€?‘ide, needles, m. p. 
150°. This compound was also prepared in a similar manner from 
it 3 acid, the treatment with phosphorus pentachloride being carried 
out in boiling toluene solution. «^Zo-a-Bromocinnamic anhydride 
^Michael and Bucher, A., 1898, i, 256) is produced by the action 
of acetic anhydride on the acid. It is isomerised by exposure to 
light for two weeks, but not by bromine. The latter result is 
possibly due to failure of the bromine to attach itself to the double 
bond rather than to the weight of the radicle. Stable a-bromo- 
cimamic anhydride, CjgH^gOjBrg, prepared in a similar manner, 
forms needles, m. p. 100°. J. K. 

The Truxillic Acids. A. W. K. de Jonq {Proc. K, Ahad, 
Wetf^TirSch, Amsterdam, 1920, 22, 509 — 511). — The truxillic acids 
may best be separated from cinnamic acid by sublimation in a 
current of air at 130°. The truxillic acids may be separated from 
one another by the following process. The mixture of acids is 
dissolved in the calculated quantity of lY/ 10-potassium hydroxide, 
and to the solution 1'5 grams of anhydrous calcium chloride are 
added for each 10 c.c. After twenty-four hours, the precipitated 
calcium salts of fS-, 5-, and e-truxillic acids are filtered off. The 
other acids are separated from the filtrate by hydrochloric acid 
and ether, and the process as above is repeated. To the final 
filtrate 8'5 grams of calcium chloride are added for each 10 c.c., 
the calcium salt of /S-cocaic acid being precipitated and filtered 
off. From the filtrate, a- and y -truxillic acids are separated by 
hydrochloric acid and ether, and the y-acid is finally separated from 
the a- acid by its solubility in hot water. The mixture of calcium 
salts of i3-, 5-, and e-truxillic acids, obtained as above, is con- 
verted into the barium salts, which are separated by their varying 
solubility in water. 

jS-Cocaic acid gives with cinnamic acid a crystalline double acid, 
ra. p. 139°. The ammonium salts of the truxillic acids slowly lose 
their ammonia when their aqueous solutions are evaporated on a 
water-hath, and are transformed into the free acids. W. G. 

Action of Cyanogen Bromide on Hydrocarbons and 
Phenol Ethers under the Influence of Aluminium Chloride. 

P. Karrer, a. Rebmann, and E. Zeiler {Helv. Chim. Acta, 1920, 
3, 261— 272).— A study of the range of applicability of the process 
for the synthesis of nitriles recently described (A., 1919, i, 591). 
Excellent yields were obtained of 3-cyanoacenaphthene and 
2-cyaiiothiophen (owing to the agreement in properties between 
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the 2- and the 3-isomerides, the constitution given in the latter 
case is only presumed) ; less satisfactory results are obUiued witli 
m-methyUerf.-butylbenzene, which gives a mixture, probably of 
4- and 6-cyano-derivatives, and naphthalene, which, also give^ ^ 
mixture. Acenaphthylene, indene, and diphenyl were unchanged 
The phenol ethers give even better results than the hydrocarbons- 
2 ; 4-dimethoxy', 2 Nvdimcthoxy-, 3 : 4'diinethoxy-, and 2:3:4.tri' 
methoxy-benzonitriles, 4'ethoxy- and 2 'inethoxy-naphthonitrile 5 
were satisfactorily obtaine<l from the corresponding ethers, beina 
usually accompanied by small amounts of hydroxy-nitriles, due to 
hydrolysis of the alkyloxy-groups by aluminium chloride. Diphenvl 
and anthranol methyl etWa were recovered unchanged. Cyanogen 
chloride gives the same products as the bromide, and is almost 
equally reactive. Cyanogen iodide, however, is less useful, since 
it suffers decomposition to a considerable extent. The use oi 
cyanogen bromide which has been kept for some time leads, in the 
casje of benzene, to the formation of cyaphenin. As this was the 
sole product obtained by Scholl and Kbrr in their original studv 
of the reaction (A., 1900, i, 386), it would appear that they used 
polymerised material. 

i-EtlioxynaphthonviriU, OEt-C^oHe'CN, m. p, 85*^, is hydro- 
lysed by alcoholic potash to the corresponding acid; 
v^aphthorntrile, OMe’Ci()H(^'CN, m. p. 94°, however, only yields 
the %Tndhoxyn<iplitharrtide, OMe'C^^Hp'CO’NH^, m. p. 150®. 
2:2,'A-Trmct}iQxyhtnzonitriU, CBH 2 (OMe) 3 'CN, fine needles, m. p. 
58° 1 ; S-dimethoxybenzonitrile, CfiH 3 (OM 6 ) 2 ‘CN, m, p. 89°, and 
^hydroxyA-w-eihoxyhaizonitr^e, OH'CgH 3 (OMe)*CN, m, p. loP, 
furnish the corresponding acids. A ’nionQintthyl ether of 2:5'rft- 
hydroxi/hemonitrile , OH'CgH 3 (OMe)’CN, has m, p. 122 °, 

J. K, 

Synthesis of Monobasic Acids by the Action of Malosic 
Acid on the Substituted Benzhydrols, Heplacement of th6 
Hydroxyl hy the Group •CHj’COjH. R. Fossb {Ann. Chhu 
1920, [ix], 13, 105 — 120). -"A full account of work already 
published (compare A., 1907, i, 136), W. G. 

The Constitution of the Dimethyhi/c^ohexanone obtained 
by Melhylation of the Sodium Derivative of a-Methyl 

cyclohexanone. A. Haller and R. Gornubert (Cowj}f. mi. 
1920, 170, 700—705). — A further study of the dimethyl deriv- 
ative obtained by the action of methyl iodide on a-methylcyc/o' 
hexanoue in the presence of sodamide (compare Haller, A,, 19U, 
i, 984). Benzaldehyde condenses with this dimethyl cyclohexanone 
in the presence of sodium ethoxide to give a benzylidene derivative, 
m. p. 82 — 82‘5° (compare Auwers and Krollpfeiffer, A., l^lSi 
i, 818). If the condensation occurs in the presence of dry 
hydrogen chloride, several products are obtained, of which tk 
principal one is the benzylidene derivative mentioned above. 
addition, the authors have isolated an isomeric s^ibstance, a yelio* 
liquid, b, p. 197 — 19 8°/ 28 mm, (corr,), and two isomeric, ciy&tal 
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line comj^cni'nds, C 22 H 24 O 2 , one having m. p. 117 — 118*^, and the 
other m. p. 188 — 190^, which are apparently products of the 
condensation of one molecule of dimethyl cycfohexanoiie 
yith two molecules of benzaldehyde. The authors agree with 
jtuwers and Krollpfeiffer (lac. cit.') that the dimethyleyc/ohexan- 
one under examination is a 1 : l-dimethy 1 - 2 -compound. 

W. G. 

Condensation of Acetophenone by means of Sodium 
Ethoxide. II. C. Castaldi (Gazzetta, 1920, 50, i, 71—81. 
Compare A., 1916, i, 31). — The author has investigated further 
the compound, m. p. 182°, obtained as one of the products of the 
condensation of acetophenone with sodium ethoxide (loc. cit.). 
This compound is probably identical with the one, ra. p. 183°, 
obtained by Stobbe (A,, 1901, i, 549) by condensing acetophenone 
with ethyl malonate by means of dry sodium ethoxide in presence 
of anhydrous ether; this author attributed to it the formula 
C^HjgO, and, on the basis of its failure to react with phenylhydr- 
azine or hydroxylamine, considered that the oxygen atom is not 
present as carbonyl. By the work of Feith and 
Me Davies (A., 1892, 314), Hantzscb (A., 1891, 35), 
” and Baum (A., 1896, i, 222), it has, however, been 

shown that the carboxylic oxygen of the group 

Me (annexed formula) reacts with phenylhydrazine or 
hydroxylamine only when R is a carboxyl group, 
and not when it is either methoxyl or phenyl. 

Gentle oxidation of the compound with nitric acid yields either 
6-beuzoyl-3 : 5-diphenylbenzoic acid or 4-beuzoyl-3 ; 5-diphenyl- 
benzoic acid, the sodium salt of which yields 1 : 3-diphenylbenzeiie, 
carbon dioxide, and benzene (?) when dry-distilled. The com- 
pound must, therefore, be regarded as either 6-benzoyl-3 : 5-di- 
phenyl toluene or 4 -benzoyl-3 : 5-diphenyl toluene, and confirmation 
of this structure is afforded by the fact that it is obtainable also 
by the action of benzoyl chloride on 3 ; 5-diphenyltoluene in carbon 
disulphide solution and in presence of aluminium chloride. 

^-Benzoyl -^ : b-diphenyltoluene or 4i-henzayl -^ : 5-diphenyliolueney 
C 2 gH 2 flO, forms shining laminae, m. p. 186° (not 182° as previously 
stated), has the normal molecular weight in freezing benzene, and 
dissolves in cold concentrated sulphuric acid, giving an intense 
violet-red solution. 

^-BenzoyUZ :^-diphenylhenzoic acid or ^-henzoylr-Z\h-diphenyl- 
henzoic acid, C 2 gHjg 03 , forms faintly yellow, prismatic needles, 
m. p. 240° (decomp.), and dissolves in the cold in concentrated 
sulphuric acid, giving an intense violet coloration. The sodiu7?i 
salt (-f 4 H 2 O) was prepared. 

Bipkenylhenzyliduent, CgH 2 MePh 2 *CH 2 Ph, obtained by 
reducing the benzoyldiphenyltoluene by means of red phosphorus 
and hydriodic acid, crystallises in colourless needles, m, p. 125°, 
gives no coloration with concentrated sulphuric acid, 

T. H. P. 
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Reduction and Fission ofHalogenated Ketones by Tertiary 
Bases. Karl von Auwkes and Elisabeth Lammerhiht 
1920, 63, [B], 428 — 443). — The conversion of w-a-bromoj«obubyryi! 
jF-creeol into 3 ; 6-dimethylchramaDone by the action of boiling 
dimethyl- or diethyl-aniline (A., 1914, i, 1136) does not appear to 
be an instance of a general reaction, since the examination of a 
series of o-halogenated acyl-j^-cresols shows that, as a rule, the 
parent halogen-free compound is regenerated, whilst chromanones 
or coumaranones are only formed in relatively small amount, The 
detection of coumaranones in the presence of keto-phenols is test 
effected with the aid of jj-nitrophenylhydrazine, which converts the 
former into the sparingly soluble dinitro-osazones of the correspond' 
ing diketones, and the latter into the more readily soluble nitro- 
phenylhydrazones. The same reagent may be used to distinguish 
between coumaranones and chromanones, since the latter, like the 
monocyclic ketones, only yield readily soluble mono-derivatives. 
The separation of keto-phenols and chromanones is not smoothly 
effected by treatment with alkali hydroxides, and is b^t accom- 
plished by protracted warming of the mixture with semicarbazide. 
Mixtures of free keto-phenols and their ethers, such as are fre- 
quently obtained by the condensation of phenol ethers with add 
chlorides in the Friedel-Craft’s reaction, are not readily separated 
by means of alkali hydroxide and ether; removal of the phenols 
is, however, effected by shaking the solution of the mixed sub 
stances in light petroleum with aqueous m ethyl-alcoholic potassium 
hydroxide solution (compare Claisen, A., 1919, i, 266). 

o-Chloroacetyl-p-cresol, when boiled with diethyl aniline, is 
mainly converted into 4-methylcoumaranon0 (identified as tie 
dinitrO'Osazone of ^-tolylglyox^, m. p. 260—265° [pbsequeut 
communication]), small amounts of acetyl -p-cresol {^itroyhenyl 
hydrazone^ orange-red, shining needles, m. p. 245 — 246°) being also 
formed. Under similar conditions, o-a-chloropropionyl-p-cresol 
gives o-propionyl-p'Cresol {ig~nitro'phmylhydrazone, m. p. 
185—186°) and a little 1 :4-diinethylcoumaranone. o-a-Bromo-w- 
butyryl-p-cresol yields o-hutyryl-^-cresol, coarse, shining prisms, 
m. p. 33—34° {semicarhazom^ long needles, m. p. 188“-189°), aud 
2 : 6-dimethylchromanoue. o-a-Chloroisoyaleryl-p-cresol is smoothly 
reduced by dimethyl- or diethyl -aniline to o-hovaleryl-^-cfrtm 
(j)~nitrophenylhydra 2 one, orange-red, silky needles, m. p- 
136—137°; semicarhazone, coarse needles or prisms, m. p- 
203—204°, when rapidly heated). The identity of the ketone is 
established by its synthesis from f^ovaleryl chloride and p-tolyl 
methvl ether; it hm b, p. xnm., Dl** 1 0291, Df 102 , 

n\“ i-52683, 1-53270, <* 1-55001, <*■* 1-56848, n? 1-5320. 

a-Bromo-xx-hutyTophcnone . colourless, mobile oil, b. p. 145 14( ^ 
DJ>® 1-3724, Df 1-364, nf® 1-55996, nT >'56520, 


14 


mm., 


nj*"® 1-58035', 1-59378, < 1-5622,* is prepared from o-bromo- 

7i-butyryl bromide, benzene, and aluminium chloride, and is con- 
verted by diethylaniline into hutyrophenoney pale yellow oil, b. P- 
]20 — 125°/21 mm, (y^~nitrophenylhydraion^,y orange-red needk^j 
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111 p. 161 '5 — 162‘5^^). ci,-Bvom(n^Qhutifi'oi)htiwne is a pale yellow 
oii b. p. 135— isr^^/l? mm., 1-3613, Df 1-355, n\^-^ 1'55425, 
yjjii 155923, 1*57369, 1 58617, 15567, which is trans- 

formed by diethylanilijie into a mixture of approximately equal 
quantities of wopropyl- and isopropeiiyl-pheiiyl ketones. a-Bromo- 
,>'obutyryl bromide reacts with ??^5-xyleuol methyl ether in the 
presence of aluminium chloride to yield 1:1:3: >tetramethyl' 
coumdranoiie and 2-hohutijryl-m-b-xyhnol, ni. p. 93 — 94°, the 
i^artial reduction of the brominated ketone primarily formed being 
'ffected by the liberated hydrogen bromide. 

The couversion of a-bromoi-^obutyryl-yy-cresol into p-cvesoiic acid 
jy boiling pyridine, has been previously described (Auwers, /oc, 
iP); the same acid is similarly obtained from the a chloro-deriv- 
gives of o-propionyl-, o-butyryl-, and o-fsovaleryl-^^cresol. 
Hydroxyl'free, halogenatcd ketones behave in the same manner; 
'hiis, benzoic acid is obtained from a-bromo-z^-butyro- and a-bromo- 
iVzbutvro-phenoncs. It appears possible; that the first step in the 
action consists in the withdrawal of halogen acid from the com- 
pound, with the formation of a substance with an un saturated 
side-chain ; /;-tolyl fs’obiitenyl ketone is, however, unaffected by 
protracted bailing with pyridine. The action of quinoline differs 
from that of pyridine, since, for example, cresotic acid is not pro- 
duced when it reacts with a-chloroz.vovaleryl-/rcresol ; small quanii- 
of 2 : 2 : 6-triraethylchroniaiioiie can, however, be isolated. 

H. W. 


The Reduction of Aromatic Ketones. W. I). Cohen [Esc, 

ffui\ rhim., 1920, 39 , 243 — 279). — It has previously been shown 
(A., 1919, i, 124, 210) that in acid solution, benzophenoiie is 
reduced, with the formation of benzopinacone, whilst in alkaline 
medium, benzhydrol is the product. When the reducing agent is 
alumiiiitim amalgam, a rnixture of the two is obtained, the amount 
of benzhydrol depending on the rate at which the pinacone is 
attacked, owing to the slightly alkaline reaction set up at the 
moment of reduction. It is now shown that in an absolutely 
neutral medium, the benzophenoiie being reduced in absolute 
alcohol by means of light, benzopinacone is the only product. 
The velocity of formation of benzopinacone under these conditions 
is proportional to the concentration of the alcohol and the amount, 
of active light, but is independent of the concentration of the 
ketone. The thermal coeflicieiit of this photochemical reaction is 
small, being about 1*1 for 10°. The velocity of the reaction 
depeuds to some extent on the character of the alcohol, but the 
nature of the ketone is the pilncipal factor in directing the reac- 
tion. Substituted ketones are attacked less quickly than benzo- 
pheiione itself. The relationships observed betw-een the different 
ketones are independent of the alcohol used. This photochemical 
[reduction of aromatic ketones by alcohols in sunlight is an 
[irreversible reaction. 

VOL. exvm. i. p 
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The actinic light is situated in the violet part of the visible 
spectrum, and probably in the neighbourhood of the rays 404 7 
and 407'8/i/t. The absorption of the ketones is selective. In ^ 
mixture of two ketones, one of them may absorb a part of the Hoht 
nec^sary for the reduction of the other, and there may thus be a 
disturbance in the relative rates of reduction. \V. G. 

Action of an Alcoholic Solution of Potassium Hydroxide 
on Ketones. V. j^-Hydroxybenzophenones. P. J. Moxtagne 
{Rec. trav. chini., 1920, 39, 339—349. Compare A., 1917, i, 143 J 
— 4-IIydroxybenzophenone does not undergo any reduction when 
boiled with alcoholic potassium hydroxide even for six days, and 
the introduction of a chloiiiie or bromine atom into the para-posj. 
tion in the other nucleus has no influence. 

4-Ethaxybenzophenone is slowly convert-ed, under the same con- 
ditions, into 4-ethoxybenzhydrol, and the action is accelerated by 
the introduction of a chlnriiie or bromine atom into the jw/a. 
position in the other nucleus. In this case, at the same time, a 
secondary reaction occurs, the chlorine or bromine becomiiifr 
replaced by an ethoxy-group, giving 4 :4'-diethoxybenzophenone. 

The following new compounds are described : 4-c/i-7oro-4^-f,7/nj/?/- 
henzophenone, m. p. 121'25° (corr.), b. p. 223^/12 mm.; i-ckloro- 
A^-ethoxyhcnzhi/drol, m. p. 69'5° (corr.); 4.:A^-di€fho.rf/hei!zo~ 
phcnone, m. p. 13r5° (corr,), b. p. 248°/ 15 mm.; A-bnmioA'- 
ethoxijhcm]i}jdrol^ m. p. 80‘5°. W., G, 

Action of an Alcoholic Solution of Potassium Hydroxide 
on Ketones. VI. lodobenzophenones, P. J. Momagne 
{Rec. trav. chim., 1920, 39, 350 — 357. Compare preceding 
abstract). — Both 2-iodo- and 4-iodcebenzophenone are completely 
transformed into beiizhydrol, the iodine being removed, wbeB 
boiled with alcoholic potassium hydroxide. Under the same condi- 
tious, 3-iodobenzophenone is only partly converted into beiizhydrol 
part of it remaining unchanged. If an ethoxy-group is introduced 
intO' the iodobenzophenone, as in 4-iodo-4^-ethoxybeiizophenone, tte 
iodine is removed by boiling with alcoholic potassium hydroxide, but 
in this case the ethoxy-group exerts its influence in preventing tie 
reduction, and the product is ethoxybenzophenone. 

Chloro- and bronio-benzhydrols do not lose their halogen when 
boiled with alcoholic potassium hydroxide, but under similar coudi* 
tions 4-iodobenzhydrol and, to a lesser extent, 3-iodobenzhydrol 
have their iodine removed. 

?7Z-Iodobenzoyl chloride condenses with benzene in sunlight in the 
presence of aluminium chloride to give 3-iodohenzophtnone, m. p 
42'5°, b. p. 226°/ 18 mm. It yields Z-iodohenzh?/drol, m. p- 
i-Iodo-i'-ethoxphenzophenoiie, m. p. 147'5°, b. p. 266°/17 niin., pr®' 
pared from ^^iodobenzoyl chloride and phenetole, gives i-iodohen^ 
hpdrol, m. p. 73° W. G- 
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Tli0 Rfisin from Sp6ci6s of X&iit]iorrliGB& not proviously 
examined. Edward Henry Rennie, William Teknknt Cooke and 
Hedley Herbert Pinlayson (T., 1920, 117, 338—350). 


Glucosides. V. Synthesis of /3-Gaultherin, of Methyl 
^-Tetra-acetylglucosidoanthranilate, and of S-Glucosido- 

resorcylic Acid Methyl Ether. P. Karrer and H. Weidmann 
(//t/y. Chim. Acta, 1920, 3, 252—257. Compare A., 1919, i, 594) 
_-The action of diazomethane on an ic^cold alcoholic solution of 
glucosidosalicylio acid results in the fonnation of the methyl ester, 
CiflA associated with 1 mol. of alcohol of crystallisation' 
as leaflets, m. p. 90— 92<>, [a]lf -53-78o in alcohol. It is freed 
from alcohol by heating in a vacuum at 70^^, and then has 
111. p. 105°. It gives no colour with ferric chloride and, whilst 
structurally identical with natural gaultherin, differs from it in 
that it is hydrolysed by einulsin, but not by gaultherase. Gaultherin 
; is therefore the a-stereoisomeride. The tctra-aret derivative of the 
' above ester, needles, m. p. 154<", faji;’ -4477° in chloro- 

form. is identical with Mauthiier’s product (A., 1918, i, 544), which 
therefore is not tetra-acetyl gaultherin. Mctht/l ^-tctralacetf/l- 
' ijlucmidoanthranilatc, prepared from the acid by treat- 

meiifc with diazomethaue, forms ncedle.8, m. p. 165°, [a]^, -54'88° in 
chloroform. ^-Tcira-acef i/l ghtcoddoA-meihortiKalirt/lie acid 

111 , p. 160°, [a^ —48 81° in alcohol, is obtained by condensation of 
: silver 4-niethoxysalicylate with acetobromoglucose. It gives no 
colour with ferric chloride. By hydrolysis with cold baryta it yields 
^A-yhn'ihddaA-m.cthoxymUcyUc acid, needles, m. p. 163°, [a]^l 
-81-55° in water. It is hydrolysed by emnlsin, and gives no colour 
with ferric chloride. The tetra-accfyh/JiKmc ester of i-mefhtxrf/- 
mlhyllc acid, is also produced in the above condensation 

It forms needles, m. p. 147°, - 45-37° in chloroform. J. K. 


Syntheses of Chromans [Benzopyrans] and Coumarans. 

U. R. E. Rindpusz, P. M. Ginnings, and V. L. Harnack {J:Amer. 
■ Che^i Soc„ 1920, 42, 157-165).-The methods described previ- 
ously (A., 1919, i, 342) have been applied to substituted phenols. In 
pneral, it is found that the dehydration of hydroxyethyl and 
Pb,enyl ethers can be effected more conveniently with 
p ^phoric oxide than with zinc chloride. The procedure consists 
m boiling the mixture of reagents for about an hour in the presence 
0 an inert solvent (such as toluene or methyl ethyl ketone), the 
Oiling point of which is such as to allow a fairly high temperature 
-eiiig attained without, however, rendering the subsequent frao- 
tionation of the product a matter of difficulty. 

be following compounds are described: odoli/l y~hydroxypropyl 
b. p. 174-176°/42 mm., 1-053, 1*523; o-tolyl y-bromo- 

m)yl ether, b. p. 154—156720 mm., 1*299, lifl 1'535 ; ^-methyl- 

b. p. 114—116720 mm.. 029 1 039, nfj 1*542; o-tolyl 
mroxyeihjl ether, b. p. 143— 145°/20 mm., 1-079, 7 i^ 1*528; 

P 2 
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otolyl ^‘bromoethyl ether, b. p. 133 — 134®/20 mm., 1 ) 2 » j.^gQ 
jfu 1'544; Q-7neihylcoumaran, b. p. 119 — 120^/65 mm., pq.q’ 
^ nf, 1-527 ; lybiomopheiiyl yhydroxijpro Ji 

.. .. .V ether, b. p. 206°/48 mm., 1-442, ?)-- 

r^Tj ^ b563; Q-bT07nobenzopyran, h. p. 143— 144 ;' 

/\ y ’ V-^romovhennl 

l^-bromoethjl ether, b. p. 165'^/lG mm., m. p 

CHg Cilj ^00. yiro'imcoumaraii, b. p. 135°/20 miu. 

^ D-® 1-436, ?io 1-555 ; p-dro77wphenyl (i-hych 

o^yethyl ether, b. p. 184^/20 mm., in. p. 49 — 50°; m-phenylene 
kydroyyethyl ether, C^.H^( 0 ‘CH 2 -CH 3 -oH) 2 , b. p. 230 — 234730 
m. p. 8B; s-benzotetrahydrodifura7i (formula I), b. p. 110— li3>j! 

148 mm., 02=^0-861, 1*448 ; m-phenylene dl 




/\/\— 0— r 


y-hydroxy propyl ether, b. p. 246 — 248720 miu, 
1-145, n'u 1-529; s-henzotetrahydrodipyran 


( Y 'j ^ ^^^2 b. p. 97°/75 mm., lif, 1-448 ; ^-naphthyl y-hydr^ 
^\/\X oxy 2 )ropyl ether, m. p. 99 — 99-5°; jd-naphtha- 

(II.) dihydropyran (formula II), m. p. 41-42^- 

^-naphthyl ^-hydroxy ethyl ether, m. p. 76—7T^- 
^-naphihadihydrofiiran, b, p. 18 5°/ 10 mm. (some decomp.), I)^® 1 '006(3, 
71 % 1-482 ; ld-7iaphthyl (d-bromoethyl ether, m. p. 91-5—92-5^. II. W. 


Synthesis of Acids by the Action of Acid Anhydrides on 
Alcohols containing a Pyrau Ring. Replacement of the 
Hydroxyiby the Group •CH^'CO.H or the Group •CHR-CO^H. 

R. Fosse (dn/i. Ohm., 1920, [ixj, 13, 87 — 104).— -A full account 
of work already published (compare A., 1906, i, 691). W. G, 

Constitution of Ephedrine. Deoxyephedrine. A. Ooata 
[J. rhann. Soe. Japan, 1919, 451, 751 — 764).— By a comparison 
of the physical constants of the two bases and of their salts, the 
author shows that deoxyephedrine is identical -with A/'jS-phenyhio- 
propylmethylamine, prepared by reducing with sodium and alcohol 
the condensation product obtained by keeping a mixture of benzyl 
methyl ketone and alcoholic methylamine for four weeks, and 
resolving the racemic base obtained with tartaric acid. Conse- 
quently, ephedrine has the constitution OH*CHPh’CIIMe*NIIMe. 

Chemical Abstracts. 


Metallic Salts of Pyrrole, Indole, and Carbazole. EdwabdC. 
Franklin {J. Vkysical Chcfii., 1920, 24, 81—99). — The “ ammouo- 
acids" (compare A., 1905, i, 582; 1912, ii, 437), pyrrole, indole, 
and carbazole, have been converted into their metallic salts by the 
action of metals (sodium, potassium, magnesium, or calcium) or the 
metal amides (sodium, potassium, silver) on solution of th^ 
“ amniouo'acids " in litjuid ammonia. In the case of pyrrole, s 
erystalline potassium salt could not he obtained, and on evaporating 
the solution an amorphous, viscous mass was always produced. 
Sodium forms a crystalline compound with pyrrole, C 4 H 4 NKa,NH;;, 
on cooling the solution to the temperature produced by solid earhon 
dioxide and ether. This compound loses ammonia ai 20° and yiel'T 
the compound, C^H^NNa ; it is hydrolysed by water, yielding pynw 
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jind sodium hydroxide. Calcmm in/rroh., (Cjr^N),Ca, 4 NH 3 , forms 
colourless crystals, but on losing its ammonia to form the '■ aiiam- 
monous ” salt it becomes slightly yellow, and has the dull appearance 
of an effloresced salt. It is vigorously attacked by water and 
pyrrole and calciuin hydroxide ai'e formed. In the preparation, from 
metallic calcium it is shown that there is a deficiency in the hydro- 
gen evolved which is due to the formation of a small amount of 
tetrahydropyrrole. Magnedum jn/rrnle, (C 4 H,N).,Mg, 2 NH.^, forms 
colourless crystals. ^ Silver pyrro/e, C^H 4 N'Ag,NH 3 ^ is a well-crystal- 
lised product, which on keeping rapidly turns grey, and finally 
becomes black. The sodium and potassium salts of indole both form 
amorphous, viscous masses, from w^hich it w^as not possible to obtain 
crystals, (■alciitm indole, (C^H(;N),Ca,4KH., forms beautiful, white 
crystals, which on heating to 100° decomjiose into indole and 
calcium amide. In the preparation about ono-half of the indole 
was reduced to di hydroin dole. Mat/nei^iin)} indole 
(CgII,N).Mg,4NTr,, 

forms needle-shaped, colourless crystals which, altlioiigh quite 
roliihle in liquid ammonia w^hen freshly prepared, after a time are 
not completely soluble. Tliis is probalffy due t<> a decomposition 
with the formation of an insoluble jiroduct. Silver indole, 
rjbiNAg.NHg, is an extremely soluble, crystalline compound which 
exhibits the phenomenon of sunersatiiration to a marked degree. 
Pataaniim vorhazole^, C,.2hTgNK,2N'IIg and C’,.lTNK,Nn.^. form very 
soluble crystals, which lose their ammonia at 20°, Silver rarhazoJe, 
fYdTKN^Ag.2NH.;, is formed at —39°, and on warming loses one 
liiokcule of ammonia to give Ag.KK... Calcium ravhazole, 

(Tj^H.,N)oCa, /NIT.^, forms yellow’ crystals wnth a green fluorescence 
at —39°, and on heating at ,90° loses three molecules of ammonia 
to give (Ci.JIj..N).2Ca.4NHo. j, -p 

Pyrrole-blacks. A. Axceli and Courado Ltjtrt (Atti B. Accad. 
lineei, 1920, fv], 29, i, 14—22. Compare A., 1919, i, 134).- -In 
presence of water, pyrrole and /> benzoquinoiie rapidly react, giving 
first a reddish-brown, colloidal solution clearly showing TyndalTs 
phenomenon and then a black, amoridmiis jmwder closely resembling 
pyrrole-blacks and melanins; the mother liquor contains consider- 
able proportions of quinol. The reaction takes place also in alco- 
holic, ethereal, or, more slowly > moist benzene solution. If the 
product^ of the reaction is washed with water and extracted with 
alcohol in a reflux apparatus, a black substance is obtained which, 
when heated, does not melt, but emits vapour which colours red a 
pine splinter moistened with hydrochloric acid ; it dissolves in alkali 
hydroxide solution, giving an intense browmish black coloration, but 
IS insoluble in alkali carbonate solution. The percentage coinposi- 
bons of two preparations are: C, G9’14— 69-22 (68-75— 6S-85) ; H, 
7"*^^ (^'89 — 2'84) ; N, 6*U ( — ), and the compound is prob- 
iily formed by the interaction of 3 mols. and 5 mols., or 4 mols. 
^nd 7 mols., of pyrrole and p-beiizoquinone respectively. The coll- 
usion is drawn that the melanins represent complex molecules 
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similar the polysaccharides, polypeptides, poly ter penes, cao^^ 
choiic, etc., the tendency to polymerise being due partly to the 
presence of conjugated double linkings in the pyrrole molecule 
Under the same conditions indole does not react with pyrrole. 

Similarly, pyrrole and 1 ; 4-naphthaquinone interact, yielding 
naphthaquinol and a corn.poundy C 34 HJ 0 O 5 N (?), which crystallises 
in violebblack needles and, when heated, melts incipiently and at 
the same time emits vapour giving a red coloration to a pine 
splinter moistened with hydrochloric acid ; it is readily decomposed 
by hot potassium hydroxide solution with formation of an orange- 
coloured product very sparingly soluble in the ordinary solvents 
The compound appears to be formed by the condensation of 1 mol 
of pyrrole with 3 mols. of the naphthaquinone. 

Isatin and pyrrole also react readily (compare Liebermann and 
Kraus, A., 1907, i, 657). 

Oxidation of pyrrole by means of hydrogen peroxide yields ( 1 ) a 
pyrrole-black, a 7 id ( 2 ) a compound, which crystallises in 

shining, almost colourless needles, m. p. 136°, and at about 200° in 
presence of air blackens and emits vapour giving an intense red 
coloration to a pine splinter moistened with hydrochloric acid. 
By a few drops of dilute sulphuric acid and a trace of dichromah 
this compound is coloured brown, a black powder being slowly 
deposited. With nifroiis acid or ferric chloride it gives a yellow 
coloration and, later, a black powder. With a trace of nitropmsside 
and potassium hydroxide it yields a brilliant violet coloration 
turned deep Idne by acetic acid. T, H. P. 

Benzidine- qninones and Bisquinonylbenzidines as Vat 
Dyes. Kurt Brass and Otto Papp [B&r., 1920, 53, [S], 446—462), 
— Previous attempts to study the primary product of the inter- 
action of benzidine on y?-benzoqninoiie (Brass, A., 1913, i, 1232) 
were rendered difficult on account of the readiness with which it 
loses a molecule of benzidine to yield quinonebenzidine, wliicli is 
subsequently readily polymerised. More successful attempts arc 
now described in which substituted quinones are employed. 

Benzidiiw-folur/uinone, is prepared bv the action of a solution of 
benzidine in 50% acetic acid on a hot aqueous solution of toln- 
quinonc ; it forms a dark violet powder, which is decomposed br 
prolonged contact with air. By reduction with hyposulphite in very 
faintly alkaline solution, it yields a yellow vat, from which cotton 
is dyed in brewn shades, which, however, are due to the polymerised 
form of the dye. The free amino-group shows little tendency to 
enter into action, but its presence is established by the isolation of 
"Bi ~j>-€hJorohe7uvJidev ehenzidmo-foluquinone, 

CoH.02Me*KH*C^H/C,H4*N:CH-Con,CL 
Methylanilino-/?-benzoquinone condenses with benzidine in alcoholic 
solution to yield a mixture of 2-ben zid in o-o-methylanilinobenzo 
quinone, m. p. 216 — 217° (corr.) fll. and W. Suida, A., 1919, i, BI. 
give 215 — 218° j, and relatively small amounts of -his-fi-vieihyh 
aniUnohenzoquino? 2 pI - 2 - henzuUne, [NMePh’Cf,lT202*NII*6)cl44-]2i 
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jii. p. 254® (decomp.). The substances have similar tinctorial pro- 
perties, and dye cotton, in yellowish-brown shades from a yellow vat. 

0. Di-o-anisidino-d-methylanilinobenzoquinone, 

NMePh*CaH202*NH-C6H3(0Me)-C6H3(0Me)‘NH2, 
brown leaflets, m. p. 124 — 128® (decomp.) after softening from 
120®, aiid 'N'i!^'-bis-^-methplanUinobtnz()quinom/l - 2 - dianuidine, 
piMePh’CgH202*NH’C^H3(0Me)-]2,. brown needles, m. p. 
244 — '246® (corr.), are prepared from methylanilinobenzoquinone 
and di-o-anisidine, and are separated by taking advantage of the 
greater solubility of the latter in acetone^ on cotton, they yield 
brown shades with a tendency towards olive. 

Another ready method of preparing simple vat dyes consists in 
the oxidation of anili no-quin ones to benzidine derivatives (compare 
Brass, A., 1912, i, 874); 2'aiiilino-3 :5 : G-trichlorobenzoquinone, 
however, is converted by manganese dioxide in the presence of 
sulphuric acid into Z’-anilino-2 ^ : 5^ : 3 : 5 : (S-'peyitachlorodihcnzo- 
C(50.2Cl3*NPh*C(;02Cl2*NHPh, microcrystalline, 
bluish-grey leaflets, which does not melt below 300® and dyes 
cotton in dull bro'wn shades. 

Whilst benzidine and a-naphthaqiiiiione yield only 2-bcnzidino-a- 
naphthaquinone (Pummerer and Brass, A., 1911, i, G55), it is found 
that dianisidine, under similar conditions, gives 
(punotiyl - 2 - fhatiiffuline ^ brownish- 

violet, crystalline powder, m. p. 303 —305®, which dyes cotton in 
violet shades. In a similar manner, '^'^’-bh-Tt-ehloro-a-naphiha- 
il\monyl-%dianhidlne^ red needles, m. p.. 270- -272®, is prepared 
from 2 :3-dichloro-a-iiaphthaquinoiie ; it gives brownish-violet shades 
on cot, ton. o-Ethoxy benzidine and a-naphthaquinone yield NN'-7>7a- 
n-nnphi h aq it I n o n yl-?i-€.fhnxybe,i ) : idi n c , 

^ Ci,,H;prKH-C,H3(0EtVCJI,-NH-C,,H,02, 

slender, violetbrown needles, m. p. 279—281°, which dyes cotton 
in violet shades. H. W. 

Four-membered Cyclic Ureas. III. Condensation of 
fscCyanic Acid with Alkyl Schiff Bases and Related 
Compounds, William J. Hale and Norbert A. Lanoe (J. 
Amer. Chem. Soc., 1920, 42, 107— 116).—Eiirther investigation 
shows that the condensation of /syj cyanic acid wdth S eh iff bases which 
contain an alkyl group attached to the nitrogen atom proceeds in 
the same manner as with benzylidene-ethylamine (A., 1919, i, 225). 
The reaction has been further extended to substances which contain 
the carbimino- nucleus attached to a nitrogen atom, and, in the 
special instance of benzyrDenzylidenehydrazone, 
CnPh:N-NH-CH2Ph, 

the results obtained confirm those of Bailey and Moore (A., 1917, 

1, 355). 

4 : ^~DiJ{eto-2~phenyl-\-propyJhe.rahydrO'-l : 3 : bdriazin-e, 

OH Ph<j^g__^^>NH, 

colourless, flaky needles, m. p. 211®, is prepared by the gradual 
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addition of powdered potassium cyanate to a well-cooled solution of 
benzylidene n-propylamine in glacial acetic acid ; the corresponding 
vionoaceiyl derivative forms colourless prisms, m. p. 120*^. 4:6-/;^; 
keto^%j>henyl'\-h\itylheccahijdro-\ : 3 : ^-triuzine is prepared in ^ 
similar manner and has m. p. 188*^, whilst 4: : %‘diketO'2-phen7jl\. 
amylhemhydro-l :S‘.b4rumne has m. p. 202°. 

Benzylbenzylideneseraicarhazone (Bailey and Moore, loc. cit.) 
slowly hydrolysed when treated with steam in the presence of hydro- 
chloric acid to benz aldehyde and benzyl hydrazine hydrochloride the 
action proceeding as indicated by the scheme ; 

CHoPh-N(CO-NH,)-N;CHPh— ^ 

Cir2Ph-N(CO-NH.)-NH. CH^Ph-NH-KlT,,. 

A mixture of 2-beiizylsemicarbazide, CHoPh’N(CO’NH,)'}v^H, 
m. p. 135 — 136° and l-benzylseniicarbazidej 
CH.Ph-NH'NH-CO'NHo, 

m. p. 155°, is obtained by the cautious addition of potassium cyanate 
to a concentrated, ice-cold, aqueous solution of henzylhydrazine 
hy'drochloride ; the two substances are readily separated by taking 
advantage of the sparing solubility of the latter in cold chloroform, 
in which the former is freely soluble (compare Curtius, A., 1910, 
i, 610; Busch, Opfermann. and Walther, A., 1904, i, 628; Kessler 
and Rupe, A., 1912, i, 219). The 2 -derivative is smoothly trans- 
formed into the 1 -com pound when heated for a few minutes at its 
melting point. 

^7^Diphenylbenzylidcnehydrazille, CHPhlN’NPh.,, phenylbenzyl 
idenehydrazine, and 2-beuzyl-l-benzYlidenesemicarbazone could 
not be caused to condense with /.so cyanic acid, H. W. 

Origin of the Humin formed by the Acid Hydrolysis of 
Proteins. IV. Hydrolysis in the Presence of Aldehydes. 
III. Comparative Hydrolysis of Fibrin and Gelatin in the 
Presence of Various Aldehydes, George E, Holm and Boss 
Aiken Gortneh (■/. Avier. Chem. Snr.., 1920, 42, 632- — ^640). — Pre- 
vious work on the influence of the pre.sence of aldehydes on the 
nature of the products obtained by acid hydrolysis of proteins (A., 
1918, i, 84) has been extended by the hydrolysis of fibrin and gelatin 
in presence of benzaldehyde, acetaldehyde, butaldehyde, and ?w- 
butaldehyde. Whilst the proportions of '' ammonia ” and soluble 
humin nitrogen are not appreciably altered, that of acid-insoluble 
humin nitrogen increases rapidly to a maximum with increase in 
the quantity of benzaldehyde used. This result is ascribed to the 
presence of both tryptophan and tyrosine. Butaldehyde and ho- 
butaldehyde are similar in their effects to benzaldehyde, but thev 
give rise to black, insoluble residues, possibly the result of their 
polymerisation. This change is much more marked in the case of 
acetaldehyde, and consistent results are therefore not obtained. 
Whilst the total amino-nitrogen in the filtrate from the soluble 
humin diminishes rapidly when hydrolysis is carried out in presence 
of increasing amounts of formaldehyde, probably owing to condensa- 
tion of formaldehyde with amino-acids, only a slight decrease is 
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observed when benzaldehyde, or butaldehyde, or 7 >obiitaldehyde is 
used. J. K. 

pistribution ol Basic Nitrogen in Phaseolin. A. J. Fikks 

and Carl 0. Johns {J. Biol. Chem., 1920, 41, 375— 377).— The 
average values are^: cystine, 0'84%j arginine, 6-11%; histidine, 
3'32%, and lysine, { 88 %. The latter value is considerably higher 
than that obtained by the direct method of Kossel and Patten (A., 
1903, ii, 582). j. c. D. 

Effect of Poisons on an Enzymatic Process. V. Alkaloids, 
Caffeine. C. G. Santhsson {Skand. Arch. Physiol, 1919, 39, 
132 - 166 ; from Cfh€?n. Zenir., 1920, i, 392. Compare A., 1915, 
i. 728).— In continuation of previous investigations, the influenc.e of 
the following substances on the power of the catalase of frog's iniiscle 
to effect the decomposition of hydrogen peroxide has been studied : 
jiyridine, quinoline, quinine, quinine hydrochloride and hydro- 
bromide. veratrine, veratrine hydrochloride, caffeine, nicotine and 
its hydrochloride, veratrine (Swedish pharmacopoeia), coniine and its 
hydrochloride, morphine and its hydrochloride, dionine, diacetylnior- 
pliiiie (base and hydrochloride), cocaine (base, and hydrochloride), 
atiophie (base and sulphate), strychnine, and aconitine (base and 
acid hydrochloride). The majority of the free alkaloids, even in 
very dilute solution, facilitate the action of the catalase to a marked 
degree, and a similar effect is observed with pyridine; little or no 
activation is observed only with quinoline, coniine, and caffeine. 
The alkaloidal salts, on the other liaml, generally have a restraining 
action; nicotine hydrochloride, ethylmorphine (dionine), and 
atropine sulphate are exceptions in this respect. IT. W. 

Composition of Salvarsan, Rorert George Fargher and 

Frank Lee Pyman (T., 1920, 117, 370 — 377), 


Silver Salvarsan. A. Binz, H. Bauer, and A. Hallstein [Ber., 
1920, 53, [/?], 416 — 428). — From a study of silver salvarsan and 
allied substances, the authors are led to the following conclusions: 
( 1 ) colloidal silver is not present in silver salvarsan; ( 2 ) two mole- 
cules of silver nitrate react with one molecule of salvarsan or its 
derivative; (3) silver salvarsan contains silver oxide in complex 
form; (4) Karrer's hypothesis that the silver atoms are united by 
the residual affinities of the arsenic atoms is not established, since 
this would indicate a tendency for the latter to pass into the 
quinquevalent state, whereby they would lose therapeutic power; 
probably the amino-groups, the capacity of which to take part in 
complex salt formation is w'ell established, are responsible for the 
formation of metallic derivatives, or, as recently suggested by 
Bilthey, the metallic atoms may he united to the molecule as a 
'vmole, and not to any particular group. 

JAmino-4-hydroxyphenylarsiiuc acid is diazotised and converted 
into 3-chloro-4-hydroxyphenylarsinic acid, which, on nitration, 
yields 3-ehloro-5-nitro-4-hydroxyphenylarsiiuc acid ; the latter is 
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reduced by hyposulpliite to 5 ;5'^-dichJorO'3 :3'-diainino-4 
hydroxyarsenobenzenoj the dihydrochloride of whichj 
Ci2H]AN20l2As2,2HCl,2MeOH, 

forms greenish -yellow flocks, and is transformed by silver nitrate 
into dichlorofialvarsan di-f^Uver chloride, 

As2[C6H2Cl(OH)-NH2]2,2AgCl, 

yellow, gelatinous precipitate. The corresponding copper salt 
As.,[C(.HX 1 (NH 2)*0 cujjCuCU, is yellowish-brown. ’ 

3 : V -BuiminoA: : ■dihydrox.yarsenoberhzene di~^ilver iodujf 
As.>[C 5 H_<^(NH 2 )‘OH] 2 , 2 AgI, is prepared by successive treatment of 
an aqueous solution of the salvarsan base with hydriodic acid and 
silver nitrate, and forms an orange'-coloured colloidal precipitate. 
Attempts to convert it into the silver salvarsan base, 
As2[C,H3(NH2)-0H]2,Ag20, 

by means of sodium carbonate were not completely successful, 
since oxidation occurred during the washing of the primary black 
precipitate. When treated with sodium hydroxide, it gives the 
soluble sodium salt of silver salvarsan, in which the absence of 
colloidal silver or silver oxide is demonstrated by ultra^filtration 
experiments, by the absence of the Tyndall phenomenon, and bv 
the appearance under the ultramicroscope. When copper chloride 
and salvarsan are mixed in aqueous solution, a yellow precipitate 
of 3 : S^-dmwi}} o-4 : 4 ^-dih t/d ro.r i/arnovohenzeoc m on o^copper chloride 
hydrochloride, As.[C,H,(OI-I)-Nn 2 l 2 ,CuClo,HCl, is obtained. 

3 :5 : 3^ :5'-Tntrabromo-p arsenophenol is mainly oxidised by 
silver nitrate in pyridine methyl- alcoholic solution, yielding, 
amongst other products, the mthiifance, 

AgO-CnH 2 Br 2 -As 03 Ho,C^H.,N, 

m. p. 157—158°, in which the relative positions of pyridine and 
silver may possibly be reversed. When a solution of the sodium 
salt of 3 : 5 : 3' ; 5''-tetrabroino-p-arseuophenol is treated with silver 
nitrate, it gives a brown precipitate of di-nlver 3 : 5 : 3^ 
hromo-p-arRcnophenoxidc, which dissolves in sodium hydroxide to 
a clear brown solution which closely resembles sodium silver 
salvarsan, but, on ultra- filtration, gives a black residue of colloidal 
silver and a colourless solution. 

Arsenobenzene, conveniently prepared by the reduction of pheiiyl- 
arsinic acid with hypophosphorous acid, has m. p. 208°, whereas 
Michaelis and Schulte give m. p. 196°. When treated with silver 
nitrate, it becomes coated with a brownish -black deposit of silver, 
and is partly transformed into phenylarsinic acid; a somewhat 
similar phenomenon is observed with gold chloride, but it does not 
appear to react with copper chloride, H. W. 


Aromatic Arsenical Compounds. Walter Abraham Jacobs, 
Wade Hamilton Brown, Michael Heidelberger, and Louise 
Pearce (Brit. Pat. 128181; addition to Brit. Pat. 120385. Com- 
pare A., 1919, i, 231), — The sodium or potassium salts of the 
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V.(arsenoaryl)bis-a-aniinoacylarylamides of the formula 
MO _ 

/^nH’0O-cHj'NH<^\as:as/^nh-ch,-cO'Nh/^J), 

ffliere M is the alkali metal, previously described (he, cit,), are 
equally valuable for the treatment of trypanosomal or spirochcetal 
infection, and, being soluble in water, are particularly suitable for 
practical therapeutic use. As an example of their preparation, 
equivalent quantities of sodium hydroxide and ^-(arscnophenyl)- 
Ijigtrlycyl-W'-mniiiophenol may be dissolved together in water, and 
the palt isolated either by evaporating to dryness under reduced 
pressure or by precipitation with a liquid miscible with water, such 
as acetone or alcohol. It forms a yellow powder, readily soluble 
ill water. G, F. M. 


Physiological Chemistry. 


The Equilibrium between Oxygen and Carbonic Acid in 
Blood. Lawrence J. Henderson (J. Biol Chem,, 1920, 41, 
401—430), — ^This paper seeks to explain the interaction between 
oxygen and carbonic acid in blood by means of the theory of 
acid-base equilibrium. The isohydric cliange from fully reduced 
to fully oxygenated blood, the transfer of base from carbonic acid 
to liaiiioglobin, which is the main feature of this process, and the 
change of strength, as acid, of a portion of the haemoglobin mole- 
cule, which is its cause, are discussed. It is shown that all these 
pheiioiiieiia can be explained by the assumption that a certain 
acid radicle of the haemoglobin molecule has, for reduced hasmo- 
glohiu and oxyhaemoglobin, respectively, the following values: 

^2-3 X 10“®, Aq = 2-0x 10“^. From this consideration, it 
follows that the salt of the acid radicle in question must have a 
greater affinity for oxygen than the free acid. If the mass law 
constants of the reaction of salt and acid with oxygen were A"* 
and K'y respectively, it should he approximately true that 
= 9. In the light of these considerations, the 

equilibrium between protein acid radicles and base in blood is 
examined. The bearings of these considerations on Hill’s equation 
for the equilibrium between hsemoglobiii and oxygen is considered, 
but at this point the difficulties are only partly overcome. The 
union of haemoglobiii as a base with acids, and especially with 
carbonic acid in blood, is discussed. Finally, the hearing of these 
considerations on the physiol osical processes, both the homogeneous 
I’eactioiis within the corpuscles and the plasma, and also the hetero- 
geneous exchangers between corpuscles and plasma, is investigated, 

J, C. D, 
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Alkalinity of Blood. TUne Clogne (/. Pharm. Chim., 1920 . 
[vii], 21, 49— 62).— See this vol., ii, 340. 

The Colloidal Chemical Action of Normal Alkali Salta 
on the Process of Phagocytosis. W. Radsma [Ai-ck Nmlanl 
Pht/siol , 1920, 4 , 197 — 215).— The influence of normal alkali salts 
on ' pha<^ocytosis ’depends both on the cations and the aiiioiu. 
«Arran<^ed in descending order of intensity of phagocytosis, ike 
anions'" are CV, CIO/, NO/, V, CNS/ and the cations are 
Na* K' Rb‘, Cs’, Li", there being very little difference beh-ecn 
corr’espondint.’ salts of sodium, potassium, and rubidimn. U, 
action of these salts on the process of phagocytosis must be con- 
sidered as a lyotropic action. The compounds formed between tile 
protein substances of the protoplasm of the membrane of the leuec- 
cytes and the ions mentioned above play no direct part m the 
mechanism of phagocytosis. The point of action of the salt is not 
at the interior of the leucocyte, but in the protein substances at 
the surface of the leucocyte, and the intensity of the phagocytosis 
is an indicator of the colloidal chemical structure of the protein 
substances of the protoplasm at this surface. W. (1. 

Nutritive Value of the Proteins of the Barley, Oat, Rye, 
and Wheat Kernels. Thomas B. Oshorne and I.afatrtte B. 
Mkndrp [with tlie co-operation of Alfred ,1. AVakeman] {7. Bui 
(hoir 1920. 41, 275- ■ 300). The proteins of the entire kernel of 
these' drains are adequate for tlie growth of albino rats, being inor? 
efficient for tld.s pnrpo.^e than the proteins of the endosperm aloiip. 


Studies in Nutrition. II. The R6le of Cystine in 
Nutrition as Exemplified by Nutrition Experiments with 
the Proteins of the Navy Bean (Phaseolus vulgaris). /arlO. 
Johns and A. J. Rinks (J. Biol. Chtm., 1920, 41, 379- 381).-- 
Cystine is essential for normal growth. Phaseoliu. the principal 
protein of the navv bean, is rendered a more efficient food by 
Latin- with water."^ Cooked pliaseolin or cooked navy bean, wheii 
supplemented with cystine, furnished adequate protein for^nonnai 
growth. 


The Influence ol Radioactive Elements on the 
mentfof Tadpoles]. A. J. P. van dev Broek {Proc K. Akmi 
IKetemU. A^^erdam, 1920, 22, 563 - 567 ).- Tadpoles m a 
medium containing a radioactive substance antagonis ic 1 
potassium, namely, uranium, grow and metamorphose less quics j 
than in a medium only containing potassium. There is an 
bion that the presence of eqni-radioactive quantities 0 
autaaouistic substance tends to prevent the absorption of 
by the tadpole, and there is also some indication of a r 

effect. 
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£gect of tfie Chlorine Substitution Products of Methane, 
Acetaldehyde, and of Sodium Acetate on Catalase Produc- 
tion. Burge (J. Biol. Ckem., 1920, 41, 

314), — The inhibitory action of chlorine substitution pro- 
jects of methane on catalase action is proportionate to the degree 
of substitution. Similarly, chloral is more inhibitory than acet- 
aldehyde, The ingestion of sodium acetate causes an increase of 
catalase, but this is less marked when sodium salts of the chloro- 
acelic acids are used. The chlorine appears to decrease catalase 
])V direct destruction and by decreasing the output from the liver. 
The increase in oxidation following the ingestion of glycine is 
attributed to an incre.ase in catalase, whereas the decrease in oxida- 
tion during narcosis is attributed to a decrease in the enzyjne. 

J. C. D, 

Influence of Uranium and Potassium on the Viscosity of 
Colloidal Liquids. I. Gunzbuug {Arch. Neevland, Phjstol, 1920, 4, 
-242). The viscosity of the muscular juice from a frog is 
above normal in liquids containing less than 25 mg. or more than 
100 mg. of iiranyl nitrate per litre, there being a point of mini- 
jiiuiii viscosity at a concentration of approximately 50 nig. of 
uraiiyl nitrate per litre. In the presence of potassium (-hloride, the 
viscosity remains almost constant at a value below normal for all 
coiicentraiions of the chloride, although there is indication of a 
eritical point at a concentration of O /o- -1‘25 grams of potassium 
chloride per litre, in the presence of a mixture of the two salts, 
the viscosity of the muscular juice depends on the relative jiropor- 
tioiis of the two salts jiresent. W. G. 

Genesis of Thlocyanic Acid in Animals. IX. Serafino 
Dez.-vxi {ArrJi. Farm, sperim. Sci. (iff., 1919, 28, 23 -32. Compare 
this vol., i, 345), — The results of further experiments, together 
with those already described, lead to the final conclusion that 
thioeyaiiic acid is not produced in the animal organism, but is 
purely cxogeuetic. T. H. P. 


Chemistry of Vegetable Physiology and Agriculture 


Biochemistry of the Acetone and Butyl Alcohol Fermenta- 
tion of Starch by Bacillus Granulobacter Pectinovorum. 

HoiiACE B. Speakman {J. Biol, i'hnn., 1920, 41, 319- -343). 
Ikcilliis (jraindohncfer peefinoronon growing in a medium rich in 
starch changes the latter into dextrose l.)y exoenzymic activity, 
The dextrose then passes into the cell, and is oxidised to acetic 
and butyric acids, which are reduced in part to the corresponding 
alcohols. J. C. D. 
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Fermentation of Laevulose by Lactobacillus peutoaceticug 

N. Sp. W. H. Peterson and E. B. Fred [J. BioL Ckem,, 1920, 4i' 
431—450) .—These organisms, which are closely relat^ to the 
called mannitol bacteria,'" will attack Isvulose, with the pro- 
ductiou. of acetic and lactic acids, mannitol, and carbon dioxide. 
As much as 30 to 40% of the Isevulose may be converted into 
mannitol in the early stages of the fermentation, but if the process 
is allowed to go on for a long time, this product is slowly attached, 
with the formation of acetic and 1 actio acids. The same organisms 
will decompose calcium and sodium malatee, with the formation 
of carbon dioxide and lactic and acetic acids. It ia suggested 
that malic acid may be an intermediate product in the ferment- 
ation of the Isevulose. d, C, 1), 

Chemistry of Alcoholic Fermentation. Carl MEUBERoanc 
Elsa Eeinfurtii (Be?'., 1920, 63, [7?J, 462 — 469). — The resnlh 
obtained recently by Zerner (this vol., i, 350) are in general agree- 
ment with the older data of Neuberg and his co-workers. Zerner 
however, attributes the impossibility of effecting complete con- 
version of sugar into glycerol and acetaldehyde to a comparativeh 
slow union of the latter with the bisulphite; the work of Kerf 
shows, on the other hand, that the niiiou is rapid, whilst, in addi 
tion, the importance of the development of alkali hydroxid? 
(Me’CHO + Na^SO^ + ILO — Me*CH(OH)*0*SO.vNa NaOIl) ha: 
been completely overlooked. Further, Zerner’s conclusion thai 
pyruvid acid cannot be the preliminary stage in the formation o: 
acetaldehyde is based on an erroneous interpretation of an iin 
suitably devised experiment; absence of evolution of carbon dioxidi 
from a fermenting solution of potassium pyruvate in the preseiipi 
of a molecule of normal sodium sulphite is to be expected, sino 
reaction occurs in accordance with the scheme COMe'COgKT 
Na^iSO^ -H H<,0 — ^ OH'CHMe*0*SO.,K -i The action i 

also complicated by the fact that fennentatiou occurs within tb 
living yeast cell, which is now shown to be impermeable to iioniial 
sodium sulphite, so- that the union of the latter with the aldehyde 
must occur outside the cell. H. A\'. 

The Biochemical Production of Pyruvic Acid. A. Feenbach 
and M. Schoen {Compt. rend., 1920, 170, 764 — 766. Compare 
A., 1913, i, 231; 1914, i, 237, 910). — Further evidence is giver of 
the formation of pyruvic acid by yeast during alcoholic feimert* 
ation. An essential condition for its production is that the 
medium should be kept neutral, which is best done by the additioD 
of calcium carbonate. Thus, by a change in the reaction of the 
medium, a change is produced in the nature and relative propor- 
tions of the products formed. The formation of pyruvic acid also 
requires that the medium shall be an inorganic one. W. G. 

The Significance of the Peroxydase Reaction with Refer- 
ence to the Viability of Seeds. J. S. McHabgue (/. dwcr, 
Chm. Soc,^ 1920. 42, 612— 615).— Although it has been suggested 



VEGETABLE BltVSlOLOGV AND AGBlClTLTttlE. i. 407 


tissues or organs are dead if they fail to show the reactions 
of peroxydases and oxydases, the author has observed that dead 
grains, for example, lettuce seed, which failed to give the former 
reaction, contained a catalase which decomposed hydrogen per- 
oxide! hnt evidence is adduced to show that the peroxydase reac- 
tion is only given by viable seed, and that the intensity of the 
reaction caii_ be used to distinguish between seeds of low, medium, 
aiid high viability. The reaction failed with samples of corn, 
hemp seed, tomato seed, tobacco seed, oats, cowpeas, soja beans, 
castor beans, and lettuce seed, which all showed zero germination. 
Moreover, the temperature at which the blue colour disappeared 
increased with viability of the seed, although it varied somewhat 
with the speciee. Further, the peroxydase reaction was given by 
the germ, but not by the endosperm, of corn ; but when the 
<e})aration and grinding preparatory to the test were performed 
under water or alcohol, the germs also gave only a faint reaction, 
showing that they contain a substance, j^resuniably an oxygenase, 
which, on exposure to air, rapidly absorbs oxygen, forming tlie 
peroxydase. Of the twenty species examijied, only soja beans, 
lucerne, and lettuce seeds contained Imth oxydases and peroxy- 
clases; the respective reactions in each case were both pronounced, 
weak and strong, intense and moderate. K, 

Carbon Monoxide a Product of Respiration. Seth C. 
La.ngdon and Walteu K. Gailey (J, A nicr, Cheni. .Voc., 1920 42 
641-646).— The conditions under which carbon monoxide is' pro- 
duced in the pneumatocyst (floater) of the giant Pacific Coast kelp, 
y'ermcfj&tu leutkean^i (A., 1917, i, 372), have been more closely 
examined. It is not a rasult of decay or due to the action of 
enzymes, be<^uso finely ground kelp in contact with sea-water gives 
carbon dioxide and hydrogen only. AYhen the lower part of the 
stipe was (mt away, and the upper part closed with a cork and 
suspended in the sea after being filled with a gas of known com- 
position, the plant continued to live and grow. When air was 
used, carbon monoxide was produced, irrespective of whether the 
fronds had be^n removed or not, or whether the plant was kept 
in the light or in the dark, and whatever sections of the stipe were 
employed. With nitrogen or hydrogen, however, no carbon mon- 
oxide was produced, but several per cent, of carbon dioxide were 
pre^uced. Finally, carbon monoxide was only generated in the 
living plant. It is therefore considered to be a respiration product 
rather than an intermediate product in photosynthesis, J. K. 

Influence of the Pyrrole Nucleus in the Formation of 

II- B. Oddo and G, Pollacci [Gazzetia^ 1920, 50, 
Compare A., 1915, i, 1083). — Previous publications on 

IS subject having been disrussed, the preparation of magnesium 
Pyrrole-2-carboxylate, and experiments on the influence of nutrient 
soutions containing this compound on the growth of various 
plants, are described. 
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obtained by heating an aqueons-alcoholic sohition of pyrrole.*!, 
carboxylic acid (2 mols.) with magnesium oxide (1 mol.), crystal 
lises in brush-like aggregates of needles or stellar aggregates of 
leaflets, and begins to decompose at about 260*^. 

The culture experiments were made with Zea inaU^ 
nigrum, Datura atramoniuvi, Euphorhia sp., and A$ttr siiacmu 
the culture liquids containing calcium nitrate, ammonium 
sulphate, potassium nitrate, and potassium dihydrogen phosphate 
(or magnesium pyrroie-2-carboxylate), all carefully puriherl from 
traces of iron. The results show that, in the nutrient solution 
containing the pyrrole compound, the plants exhibit normal 
growth, whereas in those free from this compound, plants are 
obtained with leaves showing marked chlorosis. 

Thns, plants grown in a nutritive medium containing an assimil- 
able pyrrole derivative form chlorophyll, even in absence of iron. 
When no such pyrrole derivative is irresent, iron constitutes an 
indispensable element in order that the' plastids may become grocii, 
and acts, indeed, as a catalyst in the formation of the pyrrole 
nucleus, which constitutes the centre of the whole chlorophyll com- 
plex, Pyrrole and magnesium are, then, the substances whicli 
cause plants to become green. T. H. P. 


Influence of certain Organic Compounds on the Develop 
ment of Plants. IV. G. Ciamicias and 0. Kavenna (Atti li 
Accful, Lined, 1920, [v], 29, i, 7-13. Compare A., 1919, i, 241). 
— Further experiments liave been made with bean plants watered 
with 0'i% solutions of various compounds. Of the normal amines, 
methylamine is the least toxic, whilst the toxicity diminishes con- 
tinuously in passing from ethyl amine to «- amyl amine; the acliou 
is manifested by the appearance of yellow, translucent spots on 
the leaves, the plants being killed by ethyl amine and rendered 
less vi<yorous by the other amines. tsoAmylamine is somewhat 
more poisonous than /^amylamine, and determines a characteristic 
albinism of the compound leaves, which are deprived of chloro- 
phyll either entirely or everywhere but along the principal veins; 
this albinism recalls that due to nicotine, which is accompanied by 
{-s-oamylamine in tobacco. Potassium /^-butyrat© ^ is without 
apparent effect, whereas the ^vobutyrate causes partial falling of 
the leaves. 

Formamide causes fall of the seed-leaves, probably owing to llie 
presence of the aldehydic group, whilst acetajnide is completelv 
innocuous. Oxalic acid causes less vigorous growth than sucoinic 
acid. Methyl and, e.specially, ethyl tartrates ]>roduce on the seed- 
leaves translucent spots, which lead to slow desiccation of ibe 
plants. Pyridine allows the plants to develop normally, W’ 
picoline produces yellow spots on both the seed-leaves and the 
compound leaves, without, however, injuring the plants seriously. 
The influence of the introduction of methyl groups into a molecn e 
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is exhibited more markedly with derivatives of piperidine, which 
itself is only slightly toxic, whereas 1-methylpiperidine and 
^pjiiine are highly toxic. Quinoline, isoquiiioline, and 2-methyl- 
quinoliii® are all intensely toxic, the last more so than the first 
effects of which are equal. Cocaine kills the plants, 
ecaoniue and the methyl ether of norecgonine produce brown spots 
jn the seed-leaves, but do not prevent further development, 
jltbough with the former this is restricted; norecgonine produces 
00 apparent effect. Unlike tetramethylammonium salts, betaine is 
only slightly toxic, producing merely partial withering of the seed- 
leaves. 

With broad bean, pumpkin, and tomato plants, less marked 
effects are obtained than with beans, but those substances which 
act most intensely on the latter affect these three plants similarly. 

Certain substances, especially morphine and catechol, give an 
exceptionally dark green colour to the leaves, but the absorption 
spectra of alcoholic extracts of such leaves exhibit no qualitative 
difference, but only a different intensity of absorption from those 
}btained with normal leaves; photometric measurements indicate 
the presence of twice as much chlorophyll in the former as in the 
latter leaves, but the proportion of starch present is no greater. 
Thus the quantity of starch present is not related to the intensity 
of the green colour of the leaves, and although most of the toxic 
substances examined favour the deepening of the colour, some, such 
as theobromine, produce the opposite effect. 

The toxic substances investigated do not merely act on the roots, 
but pass into the tissues of the plant. With catechol, however, no 
trace is detectable in the plant, this compound being probably 
destroyed by enzymic action (compare A., 1918, i, 93). 

T. H. P. 

The Lipolytic Activity of the Castor and Soja Bean. 

Arth(jr Willis Baeton (J. Amer. Chem. iS'oc., 1920, 42, 
620—632). — Preliminary to a study of the activity of the lipases of 
^stor and soja beans, it was shown that Falk’s method of determin- 
ing the liberated fatty acids (A., 1912, i, 522) is inapplicable when 
lard or olive oil is used as a substrate; complete neutralisation is 
only achieved by the addition of alcohol and ether to produce a 
homogeneous solution before titration with aqueous alkali hydr- 
oxide. In the case of castor beans, the husks were removed for the 
preparation of the lipase, because its activity was in this way 
doubled, but this was unnecessary with soja beans. From his results 
the author deduces that (1) castor bean lipase is more intense in its 
action than soja bean ; (2) the ranges of acidity of medium in which 
action on lard and olive oil takes place are practically the same for 
the two lipases (O’O — 0'5% hydrochloric acid), and are indepen- 
dent of the substrate ; (3) the degree of activity for a given acidity 
IS practically the same for olive oil and for lard, the maximum for 
castor bean being at 0'2% and for soja bean at 0'4%; (4) the activity 
towards ethyl butyrate is less, and the range of acidity in which 
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action takes place is much higher and shorter. It is concluded that 
SO] a and castor beans contain more than one, but the same, lipas^^ 

J. K.' 

Proso Millet— Analysis of the Oil— a Characteristic 

Alcohol. B. A. Dunbar and E. R. Binnewies {/. Amer. Chem 
Soc., 1920, 42, 658- -666).— The oil extracted from proso millet’ 
PanicuM mtlMctmi) by ether or light petroleum gradually deposits 
thin, pearly-white plates, m. p. 279^ (corr.), soluble in most organic 
solvents, but sparingly in cold ether or alcohol. As it could not he 
identified, it was called prosol P It has the formula 
be acetylated, and with hydroxylamine gives an uusatisfactorr 
f^uantity of a precipitate, presumably an oxime. The formation o( 
a fluorescein, under conditions vaguely specified, is looked on as evi- 
dence of a ring structure, with two side-chains in the ortho-position. 
The oil itself is a serai-drying oil, comparable with rape-seed oil 
[For analytical details, see J. Soc. Chem. Ind., 1920, 

J. K. 

Chemical Examination of the Root of Nerium Odorurn 
(Kanher). Shunker Triaibak Gadbe (/. Ind. hist. Sci., 1916,1, 
181— 199),— The air-dried roots of Nerium Odorurn collected in 
winter in the Krishna valley, when extracted wdth hot alcohob kt 
13-7% of their weight. The alcoholic extract, when distilled in 
steam, yielded a small amount of an orange-coloured essential oil, 
having Df 0-H660 ; [a]^' -- 4-088®; 1-40315. Of the total residua! 

extract, 45% was soluble in water, and this aqueous solution con- 
tained a small amount of a crystalline phenolic compound, m. p. 
140—141°, a considerable amount of a glucoside, and fr^. dextrose. 
The portion of the extract insoluble in water, constituting 7'.5'^b w 
the original root, was composed of a hard and a soft resin. Froi 
the hard resin the author isolated formic and butyric acids in tram, 
oleic, linolic, palmitic' and stearic acids, a new alcohol, hmml 
m. p. 185‘7— 186-2° (corr.), r«]iT -j-80-1^ giving an ac(ff 
derivative, m. p. 208 — 210°, [oli) -f- 84-88°, and a deriv- 

ative, m. p, 189—190°. In addition, the hard resin contained a 
small quantity of an aromatic acid, m. p. 243—245°. The softresii: 
contained oleic, linolic, palmitic and stearic acids, and the alcobd 
kanerol, which gave the colour reactions for a phytosterol, and ii 
most respects closely resembled a-amyrin. 

The ethyl acetate and the alcohol extracts of the hard resin wri 
found to consist mainly of resin acids. ^ 

Okra Seed Oil. George S. Jamieson and Walter F. Bauchma: 
(.7. Amer. Chem. Soc., 1920, 42, 166— 170).— The chemica 
characteristics of four samples of the cold-pressed oil from o^ri 
seed [Ahelmoschus escuJentus, Malvaceae) have been detennine 
These oils vary somewhat in composition. A recently expresie' 
oil contained the glycerides of palmitic acid (27'23%), stearic ac|' 
(2*75%). arachidic acid (0'05%), oleic acid (43'74%), linolic 
(26-62%), and unsaponifiable matter (0-37%). H- ’ • 
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pimpernel Saponin. Conrad Vestlin {Pharm. ZcntrA-., 
19 '] 0 , 61, 77 — 78). — Roots of Fimpiwlla mxijraga yielded 

1 , 107 % of a saponin having the formula C.'> 3 H 3 ( 50 ^g, 2 H 20 . 

■ "W. P. S. 

Hydrocyanic Acid Content of Phaseolus lunatus. II. 

H. LChrig {Ghem. Zcii.^ 1920, 44, 262. Compare this voL, 

• 359 ) _ — Further experiments on hydrocyanic acid in Pha.^eolus 
beans showed that treatment of the beans with saliva did 
not increase the amount of hydrocyanic acid above that formed by 
the action of the natural enzyme of the beans; prolonged action 
of .>aliva tended to reduce the amount of hydrocyanic acid. The 
residues remaining after the removal of the hydrocyanic acid by 
dislillation were treated with emulsin, saliva, bile, and pancreatic 
jni'ce, but no further amount of hydrocyanic acid was obtained. 

W. l\ S. 

Urease of the Seeds of Robinia pseudacacia. P. Y. Yi 

{Ber. deuts. 'phami. Ges., 1920, 30, 178— 191). --The quantity of 
ammonia liberated in the enzymic decomposition of urea by the 
powdered seeds of Rohiriia pseudacacia increases proportionately 
with the amount of seed powder used and the duration of the 
action, and the decomposition is accelerated by raising the tempera- 
ture to 37*^. The most active preparations of the ureas© are 
obtained by precipitation with alcohol from an aqueous extract of 
the seeds, although this causes some injury to the enzyme. Lead 
acetate, sodium chloride, and ammonium sulphate are still less 
suitable precipitants. When salt solutions of equal concentration 
arc used, the most energetic achioii on nrea is obtained with sodium 
acetate solution. Pure water dis.solves most urease at dO®, the 
activity of the aqueous solutions decreasing with the rise in 
temperature, and practically ceasing at 80*^. The fact that the 
iirca'^e of Jiohinia seeds is only partly soluble in water supports 
the view that two or more ureases differing in physical properties 
are present. Ttohinia urease decomposes r^^dim ethyl- and dicthyl- 
carharaides, but has little, if any, action on the corresponding 
wminetrical compounds. C. A. M. 

The Hydrocyanic Acid Question, IV. The Seeds of 
Schleichera trijuga. L. Rosenthaler {Schiveiz. Apoth. Zeit., 
1920, 58, 17 — 20; from Chem. Zcuf}\, 1920. i. 33S. Compare this 
vol.. i, 130). — Uncombined hydrocyanic acid is not present in the 
seeds of Schleichera frijitga, Willd.; a compound of it. however, 
can be removed from the oil with ether or li^’ht petroleum, which 
IS not identical with amygdalin. phaseolunatin. or linamarin. Tt 
does not appear to be a glucoside, but is possibly a bydroxvnitrile. 

H. W. 

The Function of Vitamines in the Metabolism of 
Sclerotinia cinerea. J. J. AVillaman (/. Amer. Clmu. Soc., 
1920, 42, 549 — 585). — The solutions found by Currie (A., 1917, 
h G14) to promote the growth of Agpergilhis niger failed when 
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applied to the case of Sderotinia cinerea (Bon.), Schroter, tt, 
brown rot organism of peaches and plums, but normal develop 
ment took place when small amounts of peach, prune, or appli 
juiee were added, that of the first being most effective. A varief 
of nitrogen compounds, sugars, pectin, and salts of organic an! 
inorganic acids were also ineffective when not contaminated vritt 
mother liquors from a plant juice. It is therefore suggested that 
the vitamines present in the juices are r^ponsible for their 
influence. 

By means of adsorption with fuller’s earth, vitamiue preparationj 
were made from many and most varied sources, both plant and 
animal. All these preparations were active in promoting growth 
of Sclerotinia ; a few of them also promoted reproduction. 

Some experimental evidence was obtained favouring the view 
that there might be two separate vitamine factors involved in the 
two phases, vegetation and reproduction, but, on the other hand, 
the hypothesis of but a single vitamine for Sckroirnia is more 
plausible and accords with much of the experimental evidence, and 
it is very probable that reproduction in Schrotinia U simply 3 
different manifestation of the same activities as characterise vegeta- 
tion. The SrJernfinm vitamine is possibly identical with water- 
soluble B of the higher animals. J. K. 

Composition of Hubbard Squash Seed Oil. Walter Y. 
Baughman' and George S. Jamieson (/. Ainer. Chem. Boc., 19!!0. 
42, 152 — 157). — The seeds of Cucurhifa maxima contained 5'72''o 
of moisture and of matter soluble in ether. The cold, 

pressed oil had 0*9179, 1*4714. iodine number (Haniis) 

121 *0, saponification number 19To, Keichert-Messel number 0'3(, 
Polenske number 0*39, acetvl number 27*8, acid number 0*50. 
Chemical examination showed the presence of the glycerides of 
palmitic acid (13^^), stearic acid (63^!,), arachidic acid (trace, about 
0*04%), oleic acid (37%), and liuolic acid (44%). The unsaponifi- 
able matter amounted to 1%. H. W. 

Nicotine in Tobacco : Genesis and Function of Alkaloids. 

Luigi Bernahdini {Atfi E. Acca4. Lincei, 1920, [v], 29, 
i, 62 — 66). — The results of the author’s experiments are as follow?. 
Nicotine is not present in the seed of the tobacco plant, and is 
harmful to its germination, as also are larger doses of other com- 
pounds which contain heterocyclic nuclei and are related chemically 
to nicotine, such as pyridine and picoline. The alkaloid appears lU 
the young plant immediately the chlorophyll begins to function, 
and originates in the leave.?. The plant, which in its normal 
development contains the nicotine in its elaborating organs m 
virtue of the greater vital activity there developed, responds to 
any serious traumatic lesion, such as cutting, which attacks it at 
an important stage of its vegetative . cycle, the alkaloid bein^ 
thereby produced in increased quantity and localised in the regions 
adjacent to the lesion. The localised nicotine of the roots, aiid 
especially that accumulated in the leaves, is not utilised by tne 
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plant even wKen the latter is placed in conditions favourable to 

such utilisation. 

^ These results lead to the assumption that the nicotine, probablj 
foriue<^ from certain residues of the nitrogen katabolism, is 
elaborated by the plant in order either to prevent accumulation of 
such residues in the organism or to utilise them, with intensifica- 
tiou of their harmfulness, in defence of its organs. An analogous 
case is that of tannin, which is elaborated by plants to prevent 
gccuiuulation of polyhydric phenolic residues; the tannin is 
perhaps more injurious than these residues, but it may be utilised 
bv the plant, being localised, by a simple mechanism, in the wood 
for its fonnation and preservation. T, H. P. 

Urea and other Sources of Nitrogen for Green Plants. 
T, BoKORNY {Tftuger's Archiv, 1918, 172 , 466—496; from Physiol, 
4 , 57). — Green plants are capable of disintegrating and 
utilising almost as many organic substances as the fungi are. Urea 
iu an initial concentration of 0‘0o% has a beneficial action on the 
germination of wheat, and acts as nutrient to the seedlings. 0-1% 
has a harmful action. J, C. D. 

Efiect of Lime on the Sodium Chloride Tolerance of 
Wheat Seedlings, J. A. LeClerc and J. P. Breazkale {J.Agric. 

1920, 18 , 347 — 356).— As a result of water culture and sand 
culture trials with wheat seedlings, it is shown that very small 
amounts of calcium oxide or sulphate overcome the toxic effects of 
sodium chloride or sulphate. Magnesium sulphate and barium 
chloride are slightly antagonistic to sodium chloride, but potassium 
chlor'de, sodium nitrate, sodium phosphate, ferric chloride, and 
alum have no effect on the toxicity of sodium chloride. 

Under the experimental conditions, the presence ot lime did not 
prevent the entry of sodium ch'oride or sulphate into the plant, 
the antagonistic effect of lime not being due, apparently, to its 
effect on the permeability of the cells, but to some other cause. 

The higher tolerance to alkali salts shown by plants in soil or 
sand cultures as compared with those grown iu water cultures is 
not due entirely to the physical effects of the presence of solid 
particles of different degrees of fineness, but also to certain soluble 
substances which are sometimes present in very small quantities. 

W. G. 

Enzymes. HI. Invertase and other Enzymes of Germi- 
nated Barley. D. Maestrini Pi, Accacl. Lincei, 1919, [v], 
28. ii, 509 — 511. Compare this vol., i, 273). — Germinated barley 
dried at temperatures below 40° contains invertase, extractable 
hy 0-003 mol. % acetic acid solution, and present, not only in the 
enuilsion. but also in the filtrate of the extract; the enzyme acts 
best at about 50°, and is destroyed at 55°. The extract of the 
gfc'rniinated barley contains no maltase, lactase, or rennase. the 
wagulalion of milk produced hy the extract being due solely to 
me acidity of the latter, as it is effected even by the boiled extract. 
A catalase and an oxydase are, however, present in the germinated 
barley. T. H. P. 
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Constituents of Protein in Polished Rice. Juxzo Kup,o. 
SAVVA (/. Tok^o Chem. Soc., 1919, 40, 551— 561).— In connexion 
with the nutritive value of various proteins, the nature of the rice 
protein has been reinvestigated. Dry, pure, polished rice contaim 
1-71% of toUl nitrogen, ri4% of protein nitrogen, 0-13% of non- 
protein nitrogen, and 7' 125% of total protein (=^ protein nitrogeiu 
6-25). The protein nitrogen contains 97-82% soluble in hot hydro- 
chloric acid, 97-81% soluble in hot 30% sulphuric acid, 3-58% oi 
humin (I) nitrogen, 9' 20% of ammonia nitrogen in sulphuric add 
1-18% of humin (11) nitrogen, 20 '40% of nitrogen precipitated h\ 
acid, and 63-12% of other nitrogen in sulphuric acid. Of the total 
nitrof^en, 10'89% is attributable to arginine, 8-89% to histidine, 
and 2' 67% to cystine; these amounts are quite different from (hose 
recorded by other investigators. Cystine corresponds with 
tyrosine with 3'51%, and tryptophan with 0-88%, calculated on tlie 
dry material, 

Matsui’s observation is confirmed that guanidine^ nitrogen is 
eliminated in the Van Slyhe method if the reaction is allowed to 
proceed for several hours'! Chemical Abstracts, 

Enzyme Action. XVIII. The Saccharogenic Actions of 
Potato Juice. Grace McGuire and K. George Falk (/, Gen, 
Phydol., 1920, 2, 215—227. Compare A., 1919, i, 426).--Tlie 
marked action of the juice alone and also in the presence of added 
starch at 4 to 5 is due to the hydrolysis of sucrose or raffinose 
by the sucrase present. There is very little degradation of starch. 
At 6 there is action both on the part of the sucrase and the 
amylase, whilst at 7 to 8 the action of the amylase is alone 
observable. 

Nutritive Factors in Plant Tissues. III. Further 
Observations on the Distribution of the Water-soluble 
Vitamine. Thom.as B. Osborne and Lafavette B. Mendel [with 
the co-operatiou of Alfred J. Wake-man] (-7. JiioJ. Che.m., 1920. 
41, 451—468).— An attempt to place our knowledge of the value 
of certain foodstuffs as sources of the accessory factors on^ a 
quantitative basis. Tiucerne and clover are extraordinarily rich 
in water-soluble B. Of the ordinary vegetables, tomatoes appear 
to he richest, whilst spinach, cabbage, turnip, and carrot are net 
quite so potent. The beetroot is not equal in this respect to t e 
other roots tested, and Timothy hay also proved disappointing 
The potato is evidently rich in the water-soluble i?_ factor, which 
does not appear to be concentrated to any extent in the sunacj 
layers. No differences were noted in the food value of old and 
new potatoes. 

Salt and Alkaline Soils. Origin of Sodium Carbonate 
in Soils, A. dr Dominicis (Staz. spnrim. aqrar. Ital.^ 51, 103 It- 
from Chem. Zentr., 1918, ii, 982— 983).— In considering t“ 
problem of irrigation of southern soils, account must he taken 
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the rclatioBsliip between irrigation, movement, distribution, and 
transformation of the neutral sodium salts. Incautious irrigation 
frequently defeats its purpose, since it results in raising the sub- 
terranean salt water, concentration of the salts in the surface 
layers, and formation of sodium carbonate instead of neutral salts; 
the occurrence of the carbonate renders the soil less fit for cultiva- 
tion than does that of neutral salts. The carbonate can be 
removed by simple washing with water, but this involves the loss 
of all colloidal mineral and organic substances. Double decom- 
position between sodium chloride or sulphate and calcium carbonate 
plays little, if any, part in the production of sodium, carbonate. 
This is shown by the fact that the presence of sodium chloride and 
sulphate hinders the formation of the carbonate, the latter only 
appearing after removal of the neutral salts, and being formed 
to a greater extent in proportion as the removal is more thorough . 
Nevertheless, an alkaline soil is indirectly dependent on a salt soil. 
The phenomenon is explained by Gedroiz on the assumption that 
sodium chloride and sulphate form peculiar compounds in the 
soil, which can only enter into reaction after removal of the salts 
to which they owe their origin. These are regarded as absorption 
compounds, and as being formed by double decomposition between 
absorbed substanc^, such as compounds of calcium and magnesium 
and sodium chloride and sulphate. The extent of the formation 
of sodium carbonate depends on the intensity and length of action 
of the neutral salts and on the content of adsorbed stodium which 
can be extracted with 10% hydrochloric acid. 

The author's experiments lead him to a quite different concep- 
tion of the action. The alkalinity depends primarily on absorbed 
sodium, but results from the hydrolysis of the adsorbates ” when 
they leave the state of coagulation; the sodium hydroxide so 
formed can then react with calcium carbonate, but, more commonly, 
is converted into sodium carbonate by carbon dioxide. Actually, 
an alkaline reaction can be observed in the absence of calcium 
carbonate and carbon dioxide. The part played by the neutral 
salts consists in holding the absorbates in a coagulated condition, in 
which they are not hydrolysed. The action of gypsum in improving 
an alkaline soil does not consist in simple neutralisation of sodium 
carbonate. The carbonate and bicarbonate derived from it, 
together with the excess of gypsum, coagulate the colloids and 
change them again into calcium adsorbates, the action being facili- 
tated by the presence of neutral sodium salts. The latter can them- 
selves act helpfully iH the removal of alkalinity, but only indirectly 
and in virtue of the corresponding anions. The prescribed irriga- 
tion with salt water is dangerous for the soil, since it inhibits the 
formation of sodium absorbates; the danger could, however, be 
avoided by simultaneous treatment with gypsum. 

Organic compounds play a part in the formation of sodium 
carbonate in the soil. Among colloidal mineral substances, those 
01 zeolitic nature, which by double decomposition can yield absor- 
bents, are active; of these, the chabasite type, corresponding with 
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aluminium silicate, is the most important, whilst substitution occurs 
very slowly and dissociation takes place with j^eater difficulty with 
substances of the natrolitic type. H. \\ 

Aibsorption of Lime by Soils, h’. J. Wabth and Macsg 
Po Saw {Mem. Dept, Agric. India, 1919, 5, 157—172). — A study 
of the absorption hy different types of soils of calcium carbonate 
from solutions of calcium hydrogen carbonate at different conceu. 
trations and in the presence of varying amounts of carbon dioxide 
On the results, a method for estimating the lime requirements of 
a soil is based and described. W. G. 

The Action of Lime in the Soil. John Hughes (/. 

& Tl\ & S. Co. Soc., 1919, [v], 13, reprint, 10 pp.). — A study of 
the rate of carbon ati on of calcium oxide when mixed with four 
times ita weight of soil {a) in the air-dry state, (h) kept moist with 
water and placed outdoors. Two types of soil were used, one con- 
taining 3'85% and the other 14 97% of organic matter and com- 
bined water. In both soils, which were exposed to the air in a 
moist state, the whole of the calcium oxide was carbonated within 
six weeks. The author discusses the results of Voelcker s experi- 
ments carried out at Woburn on the lime-magnesia ratio in soils. 
The lime and magnesia contents of eleven Herefordshire soils are 
given, and in all cases where the magnesia was in excess of the 
lime, full-crop results were not obtained. W. G. 

The Relation of certain Acidic to Basic Constituents 
of the Soil affected by Ammonium Sulphate and Sodium 
ititrate. L. P. Howard {Soil Sci., 1919, 8, 313-321).- 
The soils used were from permanent experimental plots which for 
the last twenty-five years have received, respectively, ammonmm 
sulphate and ^ium nitrate, half of each plot being limed. Ad 
exchange of bases, produced by treatment of the soil with a solu- 
tion of potassium chloride, showed a marked degree of reserve 
acidity from the unlimed soil receiving ammonium sulphate. This 
acidity, so developed, showed a correlation with the acidity of an 
aluminium salt equivalent in amount to the weight of aluminium 
found *in the extract. Digestion with hydrochloric acid showed 
that the quotient obtained by dividing the sum of the weights of 
the oxides of aluminium and iron by the sum of the weights of 
the oxides of calcium and juagnesiutn ranged from 85 in the case 
of the unlimed soil receiving ammonium sulphate to 10 where lime 
and sodium nitrate were applied. Thus in these acid unlimed 
soils, • iron and aluminium partly took the places occupied by 
calcium and magnesium in the limed soils. The soil solution acts 
as a buffer solution containing phosphates and carbonates, and the 
hydrogen-ion concentration in the soil solution from the unlimed 
plot receiving ammonium sulphate was very similar to that pro- 
duced by the addition of even quite large amounts of aluminium 
salts to buffer solutions. W. G. 



ii. 277 


General and Physical Chemistry. 


Perturbation Theory ol the Helium Atom. A. Landb 
\Physihal. Zeitsch.f 1^20, 21, 114 — 122). — A purely mathematical 
pap^r, deducing the series spectra of helium by the consistent 
application of the quantum theory to a system of two electrons 
revolving round a nucleus of charge + 2e in circular and elliptical 
paths, co-planar and inclined. p g 

The A- Absorption Bands ol Rare Earths for A-Rays. 

Sj. DE Broglie {Oompt. rend., 1920, 170, 725).— The author has 
Dbtained the K bands for the elements numbered 69, 70, 71. The 
band of lutecium is placed between the two groups and K of 
tungsten. Approximate, measurements give the K band of 
iniium (A -69) at A = 0*208 x 10-8, of neoytberbium (A =70) at 
V- O' 2015 X 10-8, and of lutecium (A = 71) at A ^ 0-195 x 10-®/ 

AV. G. 

The Constitution of Atmospheric Neon. W. Aston 
Phil, Mag., 1920, [vi], 39, 449 — 455). — The observation in 1912 
3y Sir J, J, Thomson of a faint but unmistakable parabola corre- 
sponding roughly with an atomic weight 22, in addition to the 
expected one at 20, in the positive ray spectrum of neon, and the 
ibsence of s^ny parabola at 22 except in presence of neon, was 
ttrong evidence of the line being due to an isotope of neon. 
S^ractional distillation failed to effect any separation, and diffusion 
‘esnits, although more hopeful, have failed to be conclusive. A 
lilference of O' 7% in density in the first set of experiments could 
not be repeated in more elaborate ones, 0-3% difference only being 
obtained. By new and refined methods of positive-ray analysis, 
exact measurements have shown that the atomic weight of the two 
constituents in neither case corresponds exactly with that of neon, 
20*2. Four parabolas corresponding with the doubly and singly 
positively charged atoms of the two isotopes have been carefully 
measured. The corrected results gave for the one constituent 
(Ne“) an atomic weight of 20-00, and for the other (Ne^) 22-00, to 
an accuracy of about 0-1%. The intensiti^ of the lines were in 
agreement with the required 90% to 10% ratio. On the clearest 
spectra there was evidence of a third isotope of mass 21, extremely 
faint, and probably not present to the extent of 1%. F, S. 

I^dioactive Disintegration Products in the Free Atmo- 
sphere and the Probability of their Origin being the Sun. 

Hermann Bongabds {Phimkal. Zeitsch., 1920, 21, 141^145) .« — 
Ihe radioactivity of a wire suspended at a mean height of 1500 
tnetres, under the influence of the earth's field, has been deter- 
toined. It is shown that a relationship exists between the activity, 

VOL, oxvni. ii, 10 
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the air pressure at the earth’s surface, aud the potential tempera 
ture in the air layer between 1000 and 2500 metree. A well- 
defined parallelism is observed between the activity and it® 
temperature in this air layer. The temperature changes are 
regarded as the cause of the pressure changes. Since the iuiiuence 
of the radioactive substances on the temperature cannot occui 
the observed extent, and since temperature is without intiuence ou 
the activity, it is assumed that a radiatio# of material from a 
definite and restricted portion of the sun is the <»use of the 
observed effects. This radiated matter carriee with it the eman- 
ation particle which are observed in the atmosphere. Ihe 
action of the material radiations constitutes the chief source of 
heat of the higher layers of the atmosphere. J. P. S. 

Intermolecular Change of Place of Similar Atoms. 

Georg von Hevesy and LaszlO Zechmeister {Ber.^ 1920, 63, 
[Zl], 410—415. Compare von Hevesy and Rona, A., 1915, ii, 247). 
— iiy employing radioactive methods, the authors show that inter- 
molecular change of place occurs between lead atoms to an extent 
which cam. be exactly calculated from the law of probability 
when they are in an ionised state; organically^ combined lead 
atoms are nob subject to similar transposition in homogeneous 
phase. Thus, when activated lead nitrate and inactive lead 
chloride are dissolved in molar proportions in boiling pyridine, and 
the solution is kept hot for some time and then allowed to cool, 
the lead chloride which separates is found to be exactly hdf as 
radioactive as the original specimen of lead nitrate. Similar 
results are obtained with the following pairs of compounds: lead 
formate (active) and lead acetate in water; plumbous acetate 
(active) and plumbic acetate in glacial acetic acid ; plumbic acetate 
(active) and plumbous acetate in glacial acetic acid. Interchange 
does not occur with lead chloride (active) and lead tetraphenyl in 
pyridine, with lead acetate (active) and lead tetraphenyl in amyl 
alcohol, or with lead nitrate (active) and lead diphenyl nitrate in 
dilute ethyl alcohol. 

Radioactivity of the Rocks of the Kolar Gold Fields, 

Herbert Edmeston Watson and Gostabehari Pal (J . Jnd. lm\. 
Sci., 1914, 1, 39— 46).— The Kolar goldfields on the Mysore 
plateau are worked to a depth of 1100 m., and the rock conshte 
of schists of very uniform character. The rocks were fused w 
potassium hydroxide in a copper flask under reduced pressure, an 
the radium emanation found to be liberated as completely as a 
the higher temperature required for fusion with alkali carbonates, 
Some nearly pure hydrogen is liberated, which causes the readings 
in the electroscope to be low, and it was eliminated by pas^ng 
the gas over red-hot copper oxide before introducing it m 
the electroscope. The mean quantity of radium in the schists 
found to be 0*19 [x lO'i® gram of radium per gram of ^ 
quantity varying but little with depth. These rocks, which a 
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probably the oldest known, contain as little radium as any yet 
examined, and the temperature gradient in the mines is abnorai- 
illy small. OUier specimens oi rocks of later date contained 
larger amounts of radium, from 0 8 to 6'9. g 

Radioactivity and Life. H. Zwaardemaker {Arch. Nierland. 
BpioL, 4, 177 — 196). — A general discussion of work 

already published (o(«npare A., 1917, i, 241; 1918, i, 326; ii, 182). 

'w. G. 

The Cathode Fall. I. In Neon and Helium. H. E. 

Watson and G. R. Paranjpe {J. Lnd. Imt, 1918 2 

143 — 165).— From Aston’s results {Btqc. Hoy. Soc,, 1911, 84, 526)i 
tke cathode fall should be equal to the total diSerenbe of potential 
across the electrodes when the anode is situated in the negative 
glow. A systematic inv^tigation has been made of the r^uire- 
ments necessary to obtain trustworthy results by this method. 
Using a cylindrical tube with plane parallel electrodes 7-2 cm. in 
diameter, the same diameter as the tube, the minimum cathode 
fail was found to be constant to 1 volt over, a wide^ange of 
pressure— 185 volts between 6 and 16 mm. for copper electrodes 
in neon— while the current was passing. The laws governing the 
relations between the cathode fall, the gas pressure, and the current 
were found to agree with those found by other observers using 
exploring wires. The cathode fall was determined in very pure 
helium and, neon for twenty-four different metals as cathodes, and 
with f-w exceptions were all within 5% of 145*5 volts for neon and 
155 ‘5 for helium. y g 

The Cathode Fall. II. In Argon, Hydrogen, and 
Nitrogen. Gopal Paran.tpe (J. lnd. Inst. Sci., 1918, 2, 166—177). 
—The cathode fall for twenty different metals in argon, nitrogen, 
and hydrogen has been determined, and in any one gas found tx> 
be nearly, but nob exactly, the same for all metals. The differ- 
ences in different gases for the same metal were nearly all in- 
iependent of the metal, but the results in hydrogen were irregular. 
Nhtrogen behaved very similarly to the monatomic gases. 

r. S. 

Electrical Conductivity in Solid Crystallised Compounds. 

'• Faraday’s Law in the Electrolysis of 

solid Salts of Heavy Metals. C. Tubandt and Sophie Eggert 
Zeitsch. anary. Chem., 1920, 110. 196— 236).— One of the most 
mportant difficiilties encountered in the practical determination 
> the conductivity of solid salts and the verification of Faraday’s 
aw for such conductors is the short-circuiting brought about by 
■ e formation of a bridge of metal, formed by the electrolysis of 
I ^ j anode and the cathode. The metal is 

^posited in ^ the form of very fine threads or delicate, dendritic 
ffow 3 , which spread so rapidly across the electrodes that a 

10—2 
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quantitative investigation of the electrolysis of the salt 
impossible. It has been found that the cubic form of silver iodid*^ 
when electrolysed, using a silver anode and a platinum cathod^’ 
gives a deposit of silver at the cathode in the form of a perfecth 
coherent tree, the growth of which is so slow that there is 
danger of short-circuiting. The hexagonal modification of silver 
iodide, stable below 144 '6°, has a maximum specific conductivitv 
of 0*00034, whilst the cubic modification has at the transition 
point the much greater value TSl, which rises to 2‘64 in the neigh- 
bourhood of the melting point, 552°. By carrying out the elecW 
lysis of the salt at about 150°, using a current of 0*04 to OT amp 
a complete verification of Faraday's law was obtained, both the 
loss of silver from the anode and the weight deposited at the 
cathode agreeing within a fraction of 1% with the weight of silver 
deposited in a silver voltameter included in the circuit. The law 
was also verified for silver bromide, chloride, and nitrate by inter- 
posing a layer of silver iodide between the cathode and the salt 
under examination, the iodide ensuring that the metal \\’as 
deposited at the cathode in a coherent form. The electrolysis of 
lead chief ide, bromide, and iodide was also investigated, usiiKT a 
silver anode and a platinum cathode. The loss of silver from the 
anode afforded a complete verification of the law, but owing to 
the dendritic form in which the lead was deposited at the cathode, 
no trustworthy results could be obtained from this side. lu 
choosing the temperature at which to carry out the electrolysis, 
care had to be taken that no fusion occurred, and for this purpose 
the fusion diagrams for the systems PbCU-AgCl, PbBr^-AgBr. 
and Pblj,-Agl were investigated experijnentally. Silver and lead 
chlorides form a eutectic at 314°, containing 40 mols. % of lead 
chloride. Silver and lead bromides form a compound, 
2PbBr2,AgBr; 

there are two eutectic points, the first at 276° with 46 mols. "o of 
PbBrg, this eutectic crystallising from mixtures containing 
0 — 66*67 mols. % of PbBr^, all other jnixtures showing eutectic 
crystallisation at 295°. Silver iodide-lead iodide mixtures show 
eutectic crystallisation at 395° with 0 — 20 mols. % Agl. From 
this point up to 100% Agl, mixed crystals of the compound 
4AgI,Pbl9 with Pbl 2 are formed, the lowest crystallising point 
being 344°. Experiments on the electrolysis of cuprous iodide 
were inconclusive, on account of the difficulty of preparing the 
compound in a satisfactorily pure condition. E. H. R. 


Photochemical Cell with Complex Cyemides. S. Iimoki 
(./. Tokyo Chem, Soc., 1918, 39, 1— 13).-~Platinum electrics are 
immersi in solutions of complex cyanides (potassium nickel or 
potassium platinum), and one of the electrodes is exposed to light. 
This electrode becomes positive, whilst it became negative in the 
potassium ferrocyanide cells previously examined by the author. 
The current quickly decays when the circuit is closed through a 
high resistance. The author is of opinion that the pro- 
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tluced with these complex cyanides is not of the same nature as 
that obtained in other solutions. Chemical Abstracts. 

Electronaotive Force of Alloys of Zinc and Cadmium 
^th Tin, Lead, and Bismuth. Paul Fuchs {Zeitsch, anorg, 
rhem., 1919, 109, 80 — 88). — The E.M.F. of elemenU composed of 
all5ys of cadmium with tin, lead, and bismuth of various composi- 
tions as one electrode, cadmium sulphate solution and cadmium 
as the other electrode: alloy | A-OdSO^ | Cd, have been measured; 
similar cells of the type: alloy | A-ZuSO.^ | Zn, in which zinc takes 
the place of cadmium in the alloy, have also been measured. The 
cells were measured in the presence of hydrogen, and only gave 
constant values after several days. The results confirm the views 
of Tammann (A., 1919, ii, 398) that the E.M.F. varies with the 
composition of the alloy only so long as one phase is present, that 
as long as the alloy is a solution or a single series of mixed 
cn’stalsi ^ phases appear, the E.M.F. is no longer 

dependent on the composition. J. F. S. 

The Free Energy of Potassium Hydroxide in Aqueous 
Solution and the Activities of Its Ions. Mixg Chow (/. 
Amer. Ckem. Soc., 1920, 42, 488— 497).— Experiments were made 
to determine, by means of electromotive force measurements, the 
free enert^y attending the transfer of potassium hydroxide in 
aqueous solution from one concentration to another, and from the 
free energy decreases to derive the relative activities of the ions 
of the base and its activity coefficients at various concentrations 
(compare Macliines and Parker, A., 1915, ii, 510, on the free 
energy of potassium chloride, and Ellis. A., 1916, ii, 369, and 
Noyes and Ellis, A., 1918, ii, 27, on hydrochloric acid). The 
cells studied were of the type Hg -i- HgO - KOH(cj) -K in Hg- 
KOH(c.,)-Hg + HgO at 25°. The potassium amalgam was used 
in the form of a dropping electrode, and potassium hydroxide con- 
centrations were varied between 0 003 and 0'84i\^. As found by 
Ellis ill the case of hydrochloric acid, the activity coefficient at 
first decreases with increasing concentration. It passes through 
a minimum at about 0*5 molal concentration, then increases 
rapidly. Up to concentrations of 0’5 molal. the activity ^fficient 
has a much smaller value than the conductance^viscosity ratio, 
showing that this ratio, even at moderate concentrations, is not 
even an approximate measure of the effective ionisation of highly 
ionised substances. 

The Activities of the Ions in Solutions of Mixed 
Electrolytes. Mixg Chow (7. Amer. Chem, Soc., 1920, 42, 
497 — 502). — Determinations of the activity coefficients in mixed 
solutions of hydrochloric acid and potassium chloride were made 
from measurements of the electromotive force of cells of the type 
H 2(1 atm.) - HCl(ci) -f KCl(c.,) - TTg-Ul.; Hg, in which the 
separate concentrations rq and c., were varied, hut their sum was 
^ept constant at OTA, The "results show that the activity 
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coefficient of the hydrochloric add has substantially the same valu,j 
in all the mixtures, and lend support to the view that the activity 
of the chlorine ion in solutions of different highly ionised imj. 
valent chlorides or of mixtures of them is determined by its own 
concentration, and is independent of the cations associated with ' 
it. The experimental results do not agree with those obtained bt 
Loomis, Essex, and Meaoham (A., 1917, ii, 353) from 
measurements of the same type of cell. E. H. R, 

The Theory of Electrolytic Ions, XIII. Conductivity 
of Multivalent Electrolytes. Richaed Lorenz (Zdtsck anora 
Chem., 1919, 109, 63—68. Compare A., 1919, ii, 262).— A corre^ 
tion and extension of the theoretical conceptions, on the step-wise 
ionisation and the degree of dissociation, put forward previonslv 
(hyc. cit.). »T. F. S. 

The Phenomena of Electrolytic Migration. Electrolysis 
of Mixed Solutions of Alkali Salts. Marc H. van Uu 

(Rec. trm), chim,, 1920, 39. 301— 329).— In the electrolysis of a 
normal solution of sodium hydroxide at 18^, the yield from tbe 
current is only \ 7 ’ 5 % of that indicated by Faraday’s law, but tti? 
yield is often varied by the superposition of different factors; thu?, 
according to the direction in which thev act. the hydrostatic 
pressure, diffusion, and electrical osmosis may favour the migra- 
tion of certain ions and retard that of the ions of opposite sign. 
Other intervening factors are temperature, the intensity of the 
current, and the nature of the diaphrasfm between the anode and 
cathode liquids. Thus, in the electrolysis of a solution of sodium 
hydroxide, rise in temperature and cataphoresis both exert a 
favourable influence. On the other hand, the diffusion of the 
sodium hydroxide produces a loss, which increases with the con- 
centration of the cathode liquid. As the concentration of the 
current, 7/F, diminishes, the yield first increases gradually until 
it reaches a maximum and then decreases. 

The electrolysis of a solution of sodium carbonate presents the 
same fundamental charax^teri sties as in the case of sodium hydr- 
oxide, but in this case, as the electrolysis proceeds, the resistance 
of the cell increases, owing to the formation of sodium hydrogen 
carbonate, the carbon dioxide liberated at the anode being entirely 
absorbed by the solution at the ordinary temperature if the 
current intensity is nob too great. The introduction into the sob- 
tion of an oxy-salt, such as the sulphate, chlorate, or nitrate oi 
sodium with a common cation, prevent-s the formation of sodini 
hydrogen carbonate, and thus a cathode liquid very rich in sodiuB 
hydroxide can be obtained. The nitrate gives the best result, an 
the yield from the current increases with the concentration of tk 
oxy-salt. 

Applying this method to baiiitm carbonate in the presence oi 
barium nitrate, the solid carbonate being introduce into 
anode vessel crystalline barium hydroxide was readily obtained, 

W. V 
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pijirnagnetism of Odorous Substances . H. Zwaardbhakeb 

aud F. Hogewind {Arch. Nlerland. Phy&iol,, 1920, 4, 224 — 232). 
^Th© autbors have measured the diamagnetism of a large number 
of odorous substances, and plotting the values found against the 
number of atoms in the molecule, it is found that, for an homo- 
logous series, the points lie on practically a straight line, but that 
fjie difforonces between the values obtained for adjacent members 
in a series vary from series to series. W. G. 

A Method for Determining the Relationship between 
the Melting Point of a Crystal Lamella and its Thickness . 

(j, Tammann {ZeiUch. ariorg. Ckem,, 1920, 110, 166—168). — The 
method suggested is to form by crystallisation a lamella of variable 
ihichness between a plate and a cylindrical lens, and to have in 
the metal plate a temperature gradient so that the contact line 
between the plate and the lens is perpendicular to the isotherms 
in the plate. If the melting point lies between the temperatures 
of the two ends of the plate, part of the substance melts, and the 
bounding curve between the liquid and crystalline portions shows 
by its form the influence of the thickness of the lamella on the 
melting point. The work required to disrupt the crystal is 
inversely proportional to the thickness of the lamella, and it follows 
that the influence of the lamella thickness on the melting point 
is also inversely proportional to the lamella thickness. Thermo- 
dynamically, it is shown that the work required is equal to the 
change of equilibrium temperature multiplied by the entropy of 
unit mass at the melting point. E. H. R,. 

The Influence of State of Division on Meltine Point. 

F, Metssner {Ztit^rh. anorg. Chem., 1920, 110, 169 — 186). — The 
conclusions of Pavlov (A., 1909, ii, 19, 295, 800; 1910, i, 740') 
regarding the influence of size of narticles on melting point are 
adversely criticised. The growth of large crystals at the expense 
of small ones is to be attributed, not to difference of vapour 
pressure between large and small crystals, but to fluctuations in 
temperature. Pavlovas observation that small particles of salol, 
8 to 15 p in diameter, melt several degrees below the normal melt- 
ing point, could not be confirmed. 

The only satisfactory method of examining the relation between 
state of division and melting point is by the investigation of thin 
lamellae, formed by allowing a molten substance to crystallise 
between two plates. Such lamellse admit of theoretical treatment, 
in which the surface energy of the crystal can be considered in the 
same manner as that of a liquid. If An — A\ be the difference 
between the surface energies of crystal and liquid, the following 
relation holds: A^-A^q = {T^-T.)IT^,. RQI 2 .d,d.l{d^-d,). where 
T, is the normal melting point, T, and T. the fusion temperatures 
of lamellae of thickness and d^ respectively, 7? the latent heat 
of fusion, and the density of the fused substance. To determine 
the value of it is necessary to know the relation between 

belting point and lamella thickness. The experimental method 
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used was that suggested by Tammanu (preoeditig abstract), ij 
which wedge-shaped lamellae were formed between a cylindrical 
and a metal plate having a uniform temperature gradient from 
to end. In the cases of azobenzene, tristearin, and myristic acid^ 
the boundary curves formed between solid and liquid wer© 
tinctly displaced towards the cold end of the plate as the thick- 
ness of the lamella diminished. In the case of azobenzene, the 
displacement represented a difference of 0*355° in the melting 
for a change of thickness from 0*8 to 10 /x. In the case of tri- 
stearin, the temperature difference was 0*199°, and for myristic 
acid 0*268°. The surface energy differences between crystal and 
liquid, calculated from the above equation, were in the three cases 
67, 50, and 59 ergs respectively. In a number of other cases, 
including salol, acetamide, and glauber salt, the temperature differ, 
ence was of the same order as in the of myristic acid, whilst 
with /;-chIoroaniline and stearic acid, no difference due to 
diminishing thickness of the lamella could be detected. 

E. H. R, 

Phenomena Observed during the Melting, Freezing, and 
Boiling of Mixtures of Ammonium Chloride and other 
Chlorides. Kurt Hachmkister amrg. Chem., 1919, 109, 

145 — 186). — Cooling curves have been constructed for ammoaium 
cliloride, cuprous chloride, lithium chloride, zinc chloride, cadmium 
chloride, ferric chloride, th all mis chloride, and lead chloride, and 
for mixtures of ammonium chloride with cuprous chloride, lithium 
chloride, zinc chloride, cadmium chloride, ferric chloride, thallous 
chloride, and lead chloride. Very complete diagrams of condition 
are constructed for the binary mixtures. In connexion with the 
simple salts, much of the data obtained differs from that previously 
published. The transition point of ammonium chloride is found 
to be 174° (Wegscheider, A., 1918, ii, 298, 184*5°). The follow- 
ing melting points are obt;ained : cuprous chloride, 425°; lithhim 
chloride, 605°; zinc chloride, 283°; cadmium chloride, 568° (b. p. 
964°); ferric chloride, 303°; thallous chloride, 427°; lead chloride. 
501°. It is shown that by mixing other chlorides with ammonium 
chloride, this substanc>e may be obtained molten. The compound? 
CdCl 2 ,NH 4 Cl, 2 ZnCU,NH 4 Cl, and FeCl 3 ,NH 4 Cl, in addition to the 
double compounds already known, are indicated by the tempera- 
ture composition diagrams. In the binary mixtures of ammonium 
chloride with cuprous chloride and lithium chloride, respectively, 
simple eutectics are formed, but no compounds. The compound 
formed between equimolecular quantities of ferric chloride Md 
ammonium chloride is peculiar in possessing a definite boiliue 
point, 386°. Mixtures of ammonium chloride with lead chloTicl« 
and thallous chloride, respectively, cannot be melted. Ammonium 
chloride shows great similarity in its behaviour with other 
chlorides to the alkali chlorides. The nearer the two 
are in general properties, the simpler is the binary system forniw 
between them. ‘^* 
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Hfelting Points of the Members of Homologous Series, 

a Xammann {Zeitsch. anorg. Vhem.^ 1919, 109 , 221 — 225). — A 
heoretical paper in whicli regular rise and fall of the melting 
joint of members of the monocarboxylic aliphatic acids is dia- 
'ussed. It is suggested that the acids with an even number of 
Jarbou atoms exist in two stable, crystalline forms, and that this 
furnishes the reason for the course of the melting points in this 
jeries. Iii support of this hypothesis, it is shown that acetic acid 
?jdsts in two such forms, the triple point of which lies at 57-5° 
ander a pressure of 2330 kilos, per sq. cm. No such isomerides 
have been observed for the acid with an uneven number of carbon 
items, formic acid. J. F. S. 

Critical Data and Chemical Constitution. W. Hbrz 

[ItiUch. anorg. Chem., 1919, 109 , 293— 296).— A theoretical 
paper in which the author has tabulated the critical pressure and 
critical temperature of a large number of members of the follow- 
ing homologous series: paraffins (9), olefines (3), methyl esters of 
the monocarboxylic aliphatic acids (6), ethyl esters of the same 
acids (6), ethers, amines (6), benzene hydrocarbons (11), aromatic 
amines (3), and other organic substances. It is shown that the 
critical temperature increases with increasing number of carbon 
atoms, and the critical pressui’e decreases with increasing number 
of carbon atoms. When the quotient of the critical temperature 
in absolute degrees and the critical pressure is divided by the 
number of carbon atoms, an approximate constant is obtained 
(2‘5 — 4‘0) for aliphatic compounds and 1'9— 2-4 for aromatic 
compounds. A much better constant is obtained if, instead of the 
number of carbon atoms, the total number of atoms is used; here 
the constant is 0*99 — 0*69 for aliphatic compounds and 0*98 — 0 90 
for aromatic compounds. Further, if the quotient is divided by 
the total number of valencies, a very good constant is obtained, 
)‘50 — 0*41 for aliphatic compounds and 0-43 — 0*37 for aromatic 
compounds. J. F. S. 

New Instrument for Measuring Vapour Tension. Harold 

Moore (7. Soc. Uhem. Ind., 1920, 39 , 78 — 80t). — An instrument 
for making rapid and accurate measurements of the vapour 
pressure of motor spirit is described. It consists of two tubes 
ibout J in. bore and 800 mm, long connected to each other and 
to a levelling bottle by means of a Y-piece and thick-w ailed rubber 
tubing. The two tubi^ are clamped vertically, and have mercury - 
Jealed cocks at their upper ends, which close the tubes to small, 
graduated cups. One of the tubes is surrounded by a water- 
jacket. To make a measurement, the whole apparatus is filled 
•vith mercury, then a measured volume of spirit is admitted into 
me of the tubes from the small cup at the top, and the reservoir 
owered. The barometric height is read from one tube, and the 
i^arometric pressure diminished by the vapour pressure of the 
spirit is read from the other tube. The vapour pressure of 
'pystallisable benzene, ethyl alcohol, and petrol has been deter - 

10 * 
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mined over tho temperature range 10--50^, and also the vapo 
pressure of a series of mixtures of alcohol and petrol and alcS*^ 
and benzene at 20^, 30°, 40°, and 50°. Working with water? 
error observed in the vapour pressure was about 3 mm., but with 
mixed motor spirits it will probably be much greater. J. F 8 

The Vapour Pressures of Cadmium, Lead, and Tin 
Amalgams. Jobl H, Hildebrand, A. H. Foster, and C W 
Beebe (/. Amer. Chem. Soc., 1920, 42, 545— 548).— A contW 
ation of previous work on the vapour pressures of liquid amalpam^ 
(compare A., 1913, ii, 471, 755; 1914, ii, 800; 1916, ii, 14). 
vapour pressures of mercury over amalgams of cadmium, lead and 
tin were measured at 324°, by the method previously described 
at intervals covering the entire range of concentrations, and the 
values of the constants a and c were calculated in the empirical 
equation logp/pQ = logA + a/(l + c7i)2, where n represents the 
number of molecules of mercury per molecule of the other metal 
N = nln+l, Pfy is the vapour pressure of pure mercury, and p that 
of the amalgam of composition corresponding with n. Cadmium 
amalgams show vapour pressures less than those demanded by 
RaoulCs law, pjpii = N, and the deviations can be calculated on the 
assumption of partial solvation, varying with the concentration 
according to the mass law, to form molecules of CdHg. Lead 
and tin amalgams give practically equal vapour pressures, which 
are much greater than Raoul t’s law demands. The deviations 
cannot be accounted for by the assumption of any simple molecular 
change. E. H. R. 

The Aqueous Pressure of some Hydrated Crystals. 
Oxalic Acid, Strontium Chloride, and Sodium Sulphate. 

Gregory Paul Baxter and John Ernest Lansing (/. Amr. 
Chem. Soc., 1920, 42, 419 — 426). — With the object of perfecting 
a trustworthy method of measuring the aqueous pressures of 
hydrated crystals, experiments were made with oxalic acid, 
strontium chloride, and sodium sulphate, and the following method 
was found to give satisfactory results. The hydrated crystals 
were intimately mixed with 5 — 10% by weight of the dehydrated 
substance, and the mixture was packed, interspersed with glass 
beads, in a large U-tube. The method of experiment was to pass 
a measured volume of dry air through the column of crystals at 
constant temperature, subsequently passing the air througli 
weighed drying tubes containing phosphoric oxide. The curves 
obtained by plotting the logarithm of the vapour pressure found 
against the reciprocal of the absolute temperature were very nearly 
straight lines, almost exactly so in the case of sodium ‘sulphate 
crystals. E. H. R. 

The Vapour Pressures of Concentrated Solutions. O.R 

pARANjp^ (J. Ind. Imt, Set., 1918, 2, 59 — 72). — MeasurementJ 
were made between 0° and 40° of the vapour pressures of soln- 
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iious Ot (1) potassium hydroxide for concentrations between 18-81 
and 138-2 ^r^s of the anhydrous hydroxide in 100 grama of 
waters (2) sodium hydroxide for concentration a between 14-62 and 
^ 3 •l grams in 100 grams of water; (3) calcium chloride for con- 
centrations between 14*81 and 119-5 grams of the anhydrous salt 
in 100 grams of water. The results obtained for potassium hydr- 
oxide are not in very close agreement with those obtained by 
Dieterici (compare A., 1891, 783; 1898, ii, 207; 1899, ii, 403). 

W. G, 

Determination of Boiling Point. Schimmkl & Co. {Bericht. 
April-October, 1919, 100 — 102; from Chem. Zentr,, 1920, ii, 
422 — 423) —In connexion with the apparatus described recently by 
Paul and Schautz (A., 1919, ii, 422), the authors recommend the 
adoption of definite normal pressures for data concerning boiling 
points, particularly for such as are determined in a vacuum. As 
absolute unit of pressure, the bar (one dyne per sq. cm.) is 
advocated. One atmosphere — 1,013,200 bars, or 10 kilobars corre- 
spond fairly closely with 75 mm. Measurements should be effected 
at normal pressures, a simple type of apparatus for the measure- 
ment of the latter being depict^ in the original. Measurement 
pressure in vacuum distillation (particularly in a high vacuum) 
is only accurate when it is effected close to the point at which the 
iemperature is observed. The errors in the older method, in 
A'hich the manometer is attached to the exhaust pipe, increase 
A^ith increase of the vacuum and the velocity of distillation, with 
he decreasing width of distillation and condensing tubes, and with 
eaks in the apparatus. H. \V. 

Physical Behaviour of Licjuids. W. Hkrz (Zettsch. 
^lektrochem., 1920, 26 ) 109- — 111). — A theoretical paper in which 
brmulae are developed whereby the molecular boiling-point 
ilevatioii and the capillarity constant at the boiling point may be 
alculated from the critical data. These formulse have the form : 

1) c = (2) ft = 0-03643pi/(^i, in which pi^ is the 

ritical pressure, the critical temperature, ^7^; the critical 
lensity, c is the molecular elevation constant, and a the Poisson 
apillarity constant. A further formula for calculating the vapour 
•ressure is also developed; this has the form 
^ log(p,/p,) = 4-91(T./T,-l), 
a winch is the vapour pressure at the boiling point T^, and 
he vapour pressure at the temperature The values obtained 
y the use of these formulse have been compared with the experi- 
lental values, and found in the case of nou-associated liquids, both 
rganic arid inorganic, to be in good agreement, J. F. S. 

Vapour Tension and Heat of Vaporisation , and the 
dependence of the Factors a and b on the Temperature and 
Volume. J. J. van Laab (Rec. trav. chim,, 1920, 39, 
0—242). — A mathematical discussion of the subject. W. G. 

10*— 2 
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A Thermodynamic Investigation o! Reactions Involvii^ 
Silver Sulphide and Silver Iodide. Arthur A. !Noi£s ^ 
E. Stanley Freed {J . Anver. Chem. Soc., 1920, 42, 476— 

The equilibrium at 25° of the reaction 

Ag 2 S(solid) + 2H+I" (in water) = 2AgI(solid) + H 2 S(in water) 
was studied with the object of determining how the activit- 
coefficient (or effective ionisation) of the acid varies with itg qqI 
ceutratioii, and to determine the free energy change attendnia tjjp 
reaction. The concentration of hydriodic acid was nec^sarilv 
confined within the limits 0-024 to O'llGA. The equilibrimi 
constant, K, calculated from the formula A = t'u,a/(C’aiy)^, wlierg 
y is the ionisation constant, has a mean value 964. Assmniniy thai 
the activity coefficient at 6'^— 0’025iY is identical with the ionisa- 
tion constant, it is found that between concentrations 0 025 and 
0'12 the activity coefficient decreases 4‘5%, compared with 6 - 3 , 
found by Noyes and Ellis for hydrochloric acid (A., 1918, ii, 2 (). 

E.M.F. measurements were made between 5° and 25° of tit 
cells 

H 2(1 atm.)-HCl(0'5— 0-lA)- 

{HCl(0-5— 0 - 1 A),H 2 S (1 atm.)} - Ag 2 S-f Ag, 

and at 25° of the cells 

H 2(1 atin.)~HI(0-30— 0-98A)-AgI + Ag. 

From the data obtained, a number of free energy calculations are 
made, and are compared with the results of calculations made 
using data from other sources. Finally, the following figures are 
adopted : for the free- energy decrease attending the reactioD 
2 AglH-H 2 (l atm.) = 2Ag + 2H+ i 21“ at 25°, -6885 cal., and for 
the reaction Ag 2 S-f-H 9 (l atm.) — 2 Ag + Hgb^l atm.) at 25', 
— 1485 cal. Making use of the value found for the free energy o: 
formation of iodide ion by Lewis and Randall (A., 1914, ii, glOi. 
the free-energy value for the reaction 2 Ag + l 2 — "Agl is foninltc 
be +31,493 cal. Half this quantity is the free-energy decrease 
attending the formation of one molecule of solid silver iodide fron 
its elements at 25°. E. II. R 

Use of Lead Electrodes for Thermoohemical Measure’ 

ments. Constahze Krahmer {Zeitsck. Elektrochem,^ 1920, 26, 
97 — 104). — The EM.F, of cells of the type 

Pb|Pba(sat.)l|Hg,C4|Hg, 

Pb|PbCl 2 (sat.)||AgCl|Ag. Pb[PbBr,(sat.)||AgBr[Ag, and 
Pb]Pbl 2 (sat..)|iAgI|Ag 

has been measured at a number of temperatures, and from the dati 
thus obtained the heat of formation of lead chloride, silre 
bromide, and silver iodide has been calculated. The lead ek 
trodes were prepared on platinum wire by electrolysing a solutioi^ 
of 8 % hydrofluosilic acid and 4% lead silicofluoride by means oJ * 
current of 0*001 ampere. The E.M.F. of the cell 
Pb|PbCl 2 (sat.)||Hg 2 Cl 2 |Hg 

ia given by the formula ^^ 93 ^ 0*53113 -0*000191(20- ^), ® 
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h&at of th© reaction iPb + HgCl = |PbCU + Hg is ?/293=10,949± 

^ ^ the heat of formation of lead chloride is 
. In the case of the cell 
|PbCU(sat.)||AgCl|Ag, 
f: . - 0’49328 + 0'000125(i - 20), 12,211 ±24 cal., and assum- 

inp^the heat of formation of silver chloride to be 30,505 cal., the 
i^pat of formation of lead chloride is 85,432 cal. The E.M.F, of 
the cell PblPbBr.(sat,)I| AgBr| Ag is 

^09:1-0-35252 f-0-000126(20- fO) 

and r .,<,3 = 8974±44 cal.; using the value 66,350 cal. for the heat 
of formation of lead bromide, the heat of formation of silver 
hromide is found to be 24,201 cal. In the case of the cell 
Pb [ PbT 2 (sat.) II Agl | Ag, 

^1^^^-0,21205 + 0'000129(20 — M and 5758 ±57 cal., and the 

beat of formation of silver iodide is 15,192 cal. When the haloids 
used were crystalline, slightlv different values are found for the 
above named cells. A number of experiments with evacuated 
element,s show that the gradual falling of the E.M.F. of the cell 
PbIPba(sat.)||Hff,CU|Hir is not dne to oxidation, bnt is in 
come way connected with the size of the lead crvstals. A table of 
comparison of the present vahics with those of Thomsen. Bcrthelot, 
and other observers is included in the paper. J. P. S. 

Heat of Solution. G. Tammanx {EMisek. a7iorfj. Chtm,^ 1920, 
109, 215 — 220). — A theoretical paper in which it is shown that 
from a knowledge of the heat of solution of one substance in 
another, it is possible to decide whether or no a chemical reaction, 
ha? taken place during solution. The heat of solution is made up 
of heat quantities brought about bv (i) the conversion of an 
anisotropic substance into an isotropic condition, (ii) the mixture 
of the isotropic substance with the solvent, and (iii) chemical 
processes, such as formation of compounds, change in molecular 
weight, and ionisations. The dimensions of the first two ouantities 
can be calculated theoreticallv, hence from the experimentally 
determined heat of solution it is possible to see whether any heat 
change due to the third cause is contained in the experimental 
value, and so ascertain whether chemical processes have taken 
place. -I. P- S. 


wnicn 

calculated to 85,521 cal 


Heat of Solution and the Partial Molal Heat Content of 
the Constituents in Aqueous Solutions of Sodium Chloride. 

Merle Randall and Charles S. Bisson (J. Avier. Chejn. Soc., 
1920, 42, 347— 367).— The partial molal heat content of a sub- 
stance is its heat content when in solution at a given concentra- 
tion. and is defined as the increase in the heat content of a large 
amount of the solution at the given concentration when one mol. 

of the substance is added to it. The symbol H is used for this 
quantity, and If for the absolute molal heat content of the snh- 
'lance, It follows that the partial molal heat of solution of a 

substance, for example, sodium chloride, is given by He— 
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for a concentratioD c. The symbol is used to represent the 
partial molal heat content of a substance formed from its element 
in their standard state at the same temperature. The specig^. 
heats of sodium chloride and potassium chloride solutions were 
first determined for different concentrations at 25®. ^ The partial 
rnolal heat of solution of water in sodium chloride solution, 

JJ—Hhjo, was determined by measuring the heat absorbed per 
mol. of* water when water was added to sodium chloride solutions 
of known concentrations. Starting with saturated sodium chloride 
solutions, the values rise gradually from about 11 cal. at 6-251/ 
to 21 cal. at and then gradually diminish to zero at infinite 

dilution. 

The heat of dilution of sodium chloride was also measured calori- 
metrically by adding small amounts of saturated solution to a large 
volume of water. The value found at infinite dilution was 
606 cal. The mean heat of solution of sodium chloride in a very 
large amount of water was found experimentally to be 1019 cal. 
From the values obtained, the partial molal heat content of sodium 
chloride, A//, at 25° in solution at all concentrations was calcu- 
lated. The value of Aff increases from -96,781 at infinite dilu- 
tion to -97,500 in a saturated solution, whilst the partial mokl 
beat content of the water decreases from -68,272 at infinite dih 
tion to -68,250 at 4-2/1/, increasing again to -68,261 in a 
saturated solution. H, R, 

Chemical Affinity. XU. Thermodynamical Relationship 
between the Mixture Affinities of Partially Saturated 
Solutions and its Application to the Estimation of Affinity, 

J. N. Bkonstep (A". Dansl'C. Viden^k. Mcdd. Math. Phi/x., 1918, 
1, No. 5, 1—39; from Chem. Zentr., 1920, i, 404—40.5. Compare 
this vol,', ii. 298).— A relationship has been established between 
the mixture potentials of two components in a mixture in which 
the potential of the other substances present is maintained con 
stant, as, for example, by invariably using solutions saturated with 
these substances. The relationship may be expressed by the 
equation r .dAJdr+(l- ■T)dA.JdT.=^0 or n,dA, + nJA,-0 m 
which Aj and are the molecular differential mixture potentials 
of the components, and and the number of molecules in the 
mixture. The equation has therefore the same form as if the two 
components are present in binary mixtures. T.he theory r 
developed for the formation of double salts, for allotropic trans 
formation, and for reciprocal pairs of salts, and is applied m par^ 
ticular to the cases of a- and j3-CaCL,4H20 and of oarnaHite an 
schonite. The affinity of the reactions KCl fNaClO^ , 

NaCl and KCUNaNOa -> KNOg + NaCl has been measured at 
16*39° by estimation of the vapour pressure; the values 20-0 cal. 
and 740 cal. are obtained, which agree closely with the da a 
previously deduced from electrometric measurements, and m 
afford a sharp verification of the theory. An experimental me w 
is also described which permits the simultaneous estimation o 
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tension and concentration of solutions, and also indicates 
jjj ft simple manner the points at which saturation in respect to one 
Qf two components occurs. H. W. 

A Surface Tensimeter for Small Quantities of Liquids. 

C. Kiplinger (/. Amer. Chem. Soc., 1920, 42, 472 — 476).— 
A method has been devised by means of which the surface tension 
of a liquid may be determined when only a drop or two is avail- 
able. A capillary glass tube, about 18 cm, long, 1 mm. internal 
ftnd 4 mm. external diameter, is carefully made with its ends, as 
nearly as possible, plane and accurately rectangular with the 
length. By means of a special device (A., 1918, ii, 360), the tube 
can be attached to a quadrant cut from a celluloid protractor. A 
small notch cut in the apex of the quadrant holds in position a 
thread, which passes over it, the thread carrying a small weight 
at each end and serving to indicate the angular displacement of 
the tuba The apparatus is held in position by a suitable clamp 
on a stand. A short column of the liquid to be examined is intro- 
duced into the clean, dry capillary tube, and the tube is turned 
through such an angle that the meniscus at the lower end changes 
to a plane surface. The point at which this occurs is observed by 
means of a pocket lens, and the angular displacement from the 
vertical is read off on the quadrant. The length, I, of the coluinn 
is measur^ to OT mm., and from the equation /cos^ the 
height, hf of the vertical column exerting the same pressure as 
the inclined column of liquid is calculated. The surface tension 
is then calculated from the usual formula, T-d x h x ry 980/2 
dynes per cm. The results obtained are generally 2 — 4% low. 
The method may be used to assist in identifying organic liauids. 

E. H. R. 

A dsorptiye Power of Different Forms of Charcoal . 

K. SCH^INGA (Pharm. Wee Wad, 1920. 57, 348— 350h— The most 
adsorptive charcoal was obtained by heating the material to be 
charred to a high temperature. Low- temperature carbonisation 
of filter paper, or previous impregnation of the material with 
sodium chloride, gave an inferior adsorbent. W. S. M. 

Some Aspects of the Behaviour of Charcoal with respect 
to Chlorine. G. S. Bohart and E. Q. Adams (J, Amer. Chem. Soc., 
1920, 42, 523 — 544). — Exneriments on the ahsonition of chlorine 
by charcoal showed considerable variations in the behaviour of 
single samples, which could onlv be attributed to differences in the 
numiditv of the current of chlorine-laden gas. A series of exneri- 
mente was therefore carried out on the effect of moisture and, in 
addition, the influence of variations in temperature and pressure, 
of the velocity of the gag through the charcoal and of the density 
of the charcoal and the depth of the absorbing layer, were studied. 
^0 processes take place during the passage of the gas through the 
c wcoah absorption or adsorption, which cannot be distinguished, 
®nd catalytic formation of hydrochloric acid. The results of the 
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experiments are illustrated by means of curves, in which the 
cenfca^e of chlorine or hydrochloric acid transmit^ is 
against time. The period during which no chlorine or hydro, 
chloric acid is transmitted is called the service time of the charcoal, 
The service times of different charcoals could not he correlate; 
with their apparent density. For any one sample of charcoal, tte 
service time increases more rapidly than the thickness of 
absorbing layer. Charcoals with the greatest chlorine capacity 
were found to be the best catalysts for the reaction between water 
and chlorine. The effect of humidity was studied hy varying tie 
moisture content of the gas stream, air to chlorine in the ratio 
500:1, from 0—80% saturation at 25^^. Hydrogen chloride always 
appeared in the transmitted gases before chlorine, and when 
chlorine appeared as well, the effect of the moisture could be seen, 
particularly in the 80% saturation experiment, in the greater pro- 
portion of acid to free chlorine. The duration of complete chlorine 
absorption passes through a minimum at about 50% saturation. 
Below 12'5°, chlorine appeared in the gases before hyclr(^eii 
chloride; above this temperature, the reverse was the case. The 
service time is at a minimum between 0^ and 12 5 . Beductionj 
in pressure have little, if any, effect. The chlorine capacity of the 
charcoal is increased by one exposure to chlorine, followed by heat- 
ino to dull redness in a vacuum. F B, K, 


The Velocity of Adsorption of Chloropicrin and Carbon 
Tetrachloride by Charcoal. Herbert S. Habned (J. Amr. 
Ohem, Soc., 1920, 42, 372— 391).— The experiments recorded wert 
carried out for the purpose, first, of obtaining reproducible results 
in the measurements of the velocity of adsorption of g^es on a 
relatively gas-free solid surface, and, secondly, of determining the 
effect of a foreign gas on this velocity. The method of experi 
menb adopted was to expose the charcoal for a measured tune to 
the vapour to he adsorbed at a low pressure (the vapour pressure 
of the compound), and to determine the amount of adsorption by 
the increase in weight of the charcoal. Charcoal was chosen for 
examination on account of its exceedingly large adsorbing surface, 
and chloropicrin and carbon tetrachloride as gases on account ol 
their relatively high molecular weight, and the consequently 
relatively considerable weight of gas adsorbed. The results are 
shown by series of curves, in which the weight of gas adsorW 
per gram of charcoal is plotted against time. In no case could 
reproducible results be obtained until the charcoal had been 
heated to more than 700° in a vacuum, cooled in a vaciw®- 
exposed to the gas until a considerable quantity was adsorb^, ai 
again heated above 700° in a high vacuum. This process of i?asn- 
ing out with the gas under examination is necessary to 
foreign gases, vrhich cause an initial lag in the adsorption, 
the charcoal is in such a condition that the maximum ve oci y 
adson:)tion is attained, the process follows the equation 
It A I A - K, 
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where K is the amount adsorbed per gram of charcoal in time t 
jnd .4 is the amount adsorbed when t is infinite, m being a 
constant. The curve obtained by plotting log ,4 /.I -A” against t 
is then a straight line. The results are in agreement with Lang- 
muir’s theory of adsorption (A., 1918, ii, 430), in which he assumes 
that the adsorbed layer of gas is only one molecule deep. Some 
of the results for carbon tetrachloride indicate the possibility of 
the formation to a certain extent of a second adsorbed layer, but 
the influence of small quantities of foreign gases on the rate of 
adsorption may account for the divergence of the curves, in these 
cases, from straight lines. E H R 


Evaluation of Dissociation Measurements of [Metall 
Ammines by means of the Nemst Theorem and Nomo- 
grams. Wilhelm Eiltz and Gustav F. HO-rria {Zeitsch. anorq. 

ChfM., 1919, 100 , 111 125. Compare this vol., ii, 318). A 

theoretical paper in which the method of evaluating’ and com- 
paring dissociation pressures of ammines is described. The heat 
of dissociation at the absolute zero (Q^) and the coefficient of T 
are determined from the Nernst equation ]o<yp=—0 / 4 - 57 T 4 - 
1*75 log T-l- Sn5)/4*57 . T+ 3*3. Nomograms are given by 
means of which the calculations, both for the complete and the 
approximate Nemst formula, are replaced by readings from scales. 
The value of is shown to be constant in the case of the ammines 
of iron, cobalt, nickel, and manganese, and is in agreement with 
the calorimetric values and those calculated acxrording to the 
van’t Hoff rule. The coefficient of T is, within the lim?ts of ex- 
perimental error, in keeping with the thermochemical data; it is 
independent of the nature of the ammonia-free salt, but depends 
on the nature of the linking of the combined ammonia. The com- 
bined ammonia has a larger molecular heat in the hex ammines 
•han in those compounds with less ammonia. The dissociation 
temperature of all the ammines is determined bv the nomograph 
for p=100 mm. The values are compared with those obtained 
by a graphic approximation method, and the two sets of values 
shown to be in moderate agreement. The nomographic method 
IS superior to the graphic method, and also more convenient in 

J. F. S, 

Nomopaphs from the Functions Loe 0/4*577-1- 1*75 
bog T+ C and Log:p== - 0/4‘577-H*75 Log T- a7+3*3. H. von 
feANDLN (Zeitsch. anorq, Chtm,., 1919, 109 , 126—131. Compare 
preceding abstract). — A theoretical paper in which the method of 
awing and using nomographs is described. A nomograph is a 
of lines and curves by which the relationships of functions 
represented (see '^Traite de Nomo- 
^ In the case of the two functions named 

linA ’ j nomograph is construct-efi as follows. Two vertical 
drawn, of which the one standing to the left is graduated 
pressure in millimetres of mercury; the other is divided td 
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give values of ^ j to the right of these lines, a series of curves are 
drawn, one for each value of 0 or o, and each of these curves is 
subdivided to give temperature values. To illustrate the use of 
the nomograph thus constructed, an example will best serve, 
pose Qy T, and C are known and the corresponding value of p 
desired. The value of T on the appropriate C curve is sought out, 
and the point joined by a straight line with the corresponding 
value. The line is then produced, and the point where it cuts th<^ 
pressure line gives the corresponding p value. J* J*. S. 

Diffusion of Organic Substances in Organic Solvents and 
the Examination of Stokes’ Formula. Ernst Dummer {Zeitsd. 
rniorg. Chem., 1920, 109, 31— 51).— The author has determined 
the diffusion coefficient, the viscosity, and index of refraction of 
nitromethane, ethyl acetate, nitrobenzene, benzotrichloride, 
acetone, ethyl benzoate, and methyl alcohol, and solutions of these 
substances in one another. From the results, the radius of the 
various molecules is calculated by means of the Stokes 'Einstein 
formula D — RTjN.ll^irrk, in which 8 32x 10^ and 
,V = 6-20x 10^, and these values are compared with the theoretical 
values. It is shown that the radius in a given case is different, 
depending on the molecular weight of the diffusing substance and 
the solvent. Certain regularities are apparent in the results; 
thus a smaller value is found for the radius of a given substance 
the larger the molecular weight of the solvent. An exception to 
this is found only in the calculation of the radius from th^ 
diffusion of ethyb benzoate into methyl alcohol, and from tlie 
diffusion of nitrobenzene into methyl alcohol. From the results, it 
can be stated generally that the Stokes-Einstein fomirla may only 
be applied to the rei^ion of molecular dimensions with the greatest 
caution? 

Solubility. I. Solubility of Salts in Solutions of Salts, 

J. N. Bronsted (K. Dansl-e. Vi^ensh. Medd. Math. Pkys., 1915. 
2, No. 10. X — 46; from Chem. Zentr.. 1920, i, 402 — 403).— The 
theory of the solubility of salts in solutions of salts is developd 
on the preliminary hvpothesis that the coefficient of activity m 
a mixed salt solution is the same for every ion of the same tpe. 
The calculation of the coefficient of activity, /, is based on tbt 
observation of Noyes and Falk that the behaviour of a numto 
of binary salts can be summarised by the expression 2-t-Kjc 
in which i is van’t Hoff's factor, c the equivalent concentration, 
and K a constant which is characteristic for each salt; by tto 
substitution of 2a = K, following equation is denjei. 

W0/= -l-373a yc- The development of the tkwp 
depends on whether the solvent and dissolved substance have » 
common ion or not; both cases are considered 
experimental data. The following so^luhilities are cited : 
tetramminecobalt thiocyanate in sodium chlorate solution ; 
dinifrotetramminecobalt in potassium formate solution, 
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tetrainmiuecobalt perchlorate in sodium formate solution; dichloro- 
letramminecobalt bromide in potassium bromide solution; 
(jinitrotetramminecobalt chloride in potassium chloride solution; 
^athiocyanopentamminecobalt sulphate in magnesium sulphate 
solution. H. W. 


Supersaturation and Crystal Size. Wilder B. Bancroft 

^.7. Physicdl Chem.^ 1920, 24, 100 — 107), — A theoretical paper in 
which the theory put forward by von Wei mar n in connexion with 
the relationship between the degree of supersaturation and the 
size of crystals (‘'Grundziige der Dispersoidchemie,” 1911, 39) is 
discussed and shown to be inadequate, because it does not take 
account of the number of nuclei formed. It is shown that, with 
vigorous stirring and increasing supersaturation, a substance, 
which normally is precipitated anhydrous, may be obtained as a 
colloidal solution, a curdy precipitate, fine crystals, coarse crystals, 
or a gelatinous precipitate. At higher temperatures, precipitates 
are, as a rule, more coarsely crystalline than at lower tempera- 
tures. The theory of yon Weimarn applies to solutions which are 
uot stirred. The conditions for forming large crystals are those 
in which there is no spontaneous formation of nuclei and in which 
the rate of crystallisation is so slow that branched crystals do 
not form. The effect of adsorption on the growth of crystals is 
not adequately covered by von Weimarn’s theory. J. F. S. 


The Relation between Growth Forms and the Structure 
o! Crystals. Paul Niggli (Zeitsch, anorg. Chem., 1920, 110, 
5d 80). A theoretical paper in which the modern theory of 
crystal structure is applied to the discussion of the development 
of crystal forms both during the growth of a crystal and during 
its dissolution. The faces which attain maximum development 
are perpendicular to the directions of maximum velocity of growth, 
and these faces correspond with the princinal planes in the lattice 
structure. The whole crystal is regarded as a polymerised co- 
ordinated compound ; the inner atoms are saturated, but those on 
the surface are unsaturated in certain directions. It is shown 
that, since the directions in which the unsaturated valencies are 
active are determined by the structure of the crystal, faces with 
complex indices should grow with greater velocity than simpler 
faces, because the development of such complex faces exposes to a 
greater extent the free atomic valencies. To a certain depth, 
which can be calculated, the crystal can he regarded as imperfectly 
orm^ in the plane of these comnlex faces, and the greater the 
nenth of this partly crystalline layer, the greater will be the 
velocity of growth of the corresponding face. Statistical calcu- 
a ions for different tvnes of cubic crystals show that the 
wretically most probable faces are those which indeed actually 
wenr. for example, in crystals of sodium chloride and zinc blende. 
^ occurrence of vicinal faces is also in accordance with the 

E. H. R. 
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Structure Distortion in Plastic Fluid Crystals. 0. Lehmaxj 
(Ann. Phydk, 1920, [iv], 61, 501— 532) .—An account of 
experiments on the optical properties of fluid crystals. 
fluid crystals, for example, cholesteryl chloride and propionate, 
when mechanically distorted between a microscope slide and cover 
slip, exhibit optical rotation, varying^ in magnitude and direction 
with the proportions of the two constituents present. E, H. R, 

Electrical Double Refraction of Colloids. C. Berghols 
and y. Bjoknstahl (Physilal. Zeitsck,, 1920, 21, 137 — 141).^, 
Sols of vanadium pentoxide, gold, and silver have been examined, 
by means of a method employed by Brace (Phil May., 1904, [vij 
7, 317), under the influence of an alternating electric field, and ii 
every case shown to be double refracting. This implies that the 
particles of these sols are not spherical and do not possess spherical 
symmetry. The double refraction in a gold sol, the particles of 
which have a diameter of about 100 fiy, changes with the fre- 
qiiency; with a potential of 400 volts per cm., the phase differentt 
is 35^ greater at 3000 periods than at 50 periods, J. F. S, 

The Gold Numbers of Protalbic and Lysalbic Acids. 

Boss Aiken Goktner (J. Amer. Chem. Soc.y 1920, 42, 595 — 597). 
“The gold numbers of protalbic and lysalbic acids, detemind 
by Zsigmondy’s process (A., 1903, i. 135). are 0*15 — O' 20 ant] 
O’lO — O' 125 respectively. Comparison of these with those for 
dextrin (125—150), soluble starch (10'-15), sodium oleate (2—41 
egg-albumin (O' 08 — O' 10). and gum arabic (0-10 — 0-125) suggests 
that the protective action of the acids in question has been raucli 
overrated, J. K. 

The Coagulation of Clay Suspensions and Silicic Acid, 

Otto M. Smith (J. Amer. Chem,. Soc., 1920, 42, 460 — 472).~ 
The experiments recorded were made with the object of determin- 
ing the action of electrolytes commonly occurring in natural waten 
on the stability of colloidal clay suspensions and silicic acid heli 
in solution, and their effect when aluminium sulphate is used as 
a coagulant. Experiments on the precipitation of silicic acid V 
alkalis in the presence of aluminium salts showed ^ that the 
optimum hydros^en-ion concentration for the precipitation of th 
aluminium hydroxide and the removal of the silicic acid ic 
1x10'®. The limiting values of the hydrogen-ion concentratioa 
between which the solid aluminium hydroxide phase is present an 
1x10'^ and 1. xlO'^h If the alkali (sodium hydroxide) is added 
all at once, the presence of silicic acid prevents the precipitatioD 
of aluminium hydroxide, apparently by acting as a protectirf 
colloid. The presence of bivalent cations, however, destroys M 
protective power. The effect of a mimber of electrolytes on w 
coagulation of clay suspensions by alumininm sulphate was studied^ 
The electrolytes examined, arranged in their order of efficieucv a? 
coagulants, Were : aluminium sulphate, calcium and barium hyai' 
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yxidee, oalciuni chloride, magnesium sulphate, magnesium and 
hydrogen carlx)nates. The ratio of efficiency of 
aluminiuin to calcium and barium ions is about 5 to 1. Sodium 
hydroxide, hydrogen carbonate, carbonate, and sulphate have a 
giQgffiar influence on the coagulating eflect of aluminium sulphate. 
With a given amount of sodium hydroxide, for example, and 
crradual addition of aluminium sulphate to the clay suspension, 
’here is first increased dispersion, then coagulation, followed by 
renewed dispersion and a second coagulation. The second dis- 
perse phase is not as stable as the first. The presence of silicic 
acid has in all cases a retarding effect on the coagulation by 
aluminium sulphate, whatever salts may be present. E. H. R. 

Emulsions. III. T. R. Briggs [with J. C. Ashmead, C. F. 
Tears, and L. H. Clark] (/, Physical Chem.^ 1920, 24, 120—126. 
Compare A., 1915, ii, 531). — The time required to emulsify a series 
of mixtures of benzene and 1% solutions of sodium oleate has been 
determined for various methods of mixing. Mechanical shaking, 
intermittent hand shaking, with measured interval between the 
shakes, continuous hand shaking, and rolling the bottles contain- 
iug the mixtures were compared. It is shown that intermittent 
shaking is far more efficient than uninterrupted shaking, even in 
a shaking machine. The time and number of shakes required to 
complete an emulsification both vary with the rest interval 
between the shakes. Emulsions are easily made by rolling or 
rotating cylindrical bottles containing oil and soap solution. This 
me'ffiod of procedure is similar to the “Continental ” method (see 
following abstract). The ideal emulsifying process is one causing 
the benzene to break up into drops with the least disintegration 
of the aqueous soap solution. J. F. S. 

Emulsions. IV. T. R. Briggs, F. R. Du Casse and L. R. 
Clark {J, Physical Chem,, 1920, 24, 147— 160).— The preparation 
of emulsions by the continental method is investigated in the 
case of olive oil. The method consists in preparing an emulsion 
nucleus by grinding together in a mortar definite quantities of 
oil, water, and gum, and then diluting with the requisite quantity 
of water. It is shown that the hypothesis of Roon and Oesper 
(A., 1917, ii, 299) that hydration of an emulsifying colloid must 
take place at the moment of disintegrating the oil is not in 
accordance with experiment. Even in a mortar, emulsions may 
he made with previously hydrated colloids. Emulsions are easily 
produced by the method of trituration in a mortar if the area of 
the interface between oil and water is made sufficiently large. 
One method by which this may be achieved is to suspend finely 
divided solids, which are easily wetted, in the oil. The effective- 
ness of the solid is increased by decreasing the average size of the 
particles. Up to a certain limit, the readings with which an 
emulsion forms increases as the quantity of solid added. It is 
preferable to suspend the solid in the liquid before adding the 
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dispersing solution. Tlie most effective solids are those readiiv 
wetted by the dispersion medium. In the continental method 
' gum arable (acacia) plays the part of finely divided solid and 
emulsifying colloid. The finely divided solid serves to increase 
the interface between oil and water. Wetting phenomena may 
also cause the displacement of one liquid by the other, and coj, 
sequently give rise to disintegration of the displaced liquid 
Emulsions of water in oil may be made in ^ mortar in the presence 
of finely divided solids easily wetted by oil. J. F. S. 

Physical Chemistry of Rusting. II. Equilibria in the 
System Lead-Sulphur-Oxygen. W. Keindebs {Zeitsch. anom 
Chem., 1919, 109 , 52—62. Compare A., 1915, ii, 47, 773 ).-^a 
criticism of a paper by Sohenck and Albers (A., 1919, ii, 222) on 
the equilibria in the system lead-sulphur-oxygen, in which it ij 
shown that Uie experimental results are not trustworthy and will 
not bear the interpretation put on them. Of the five quintuple 
points characterised, two are shown to be impossible, and five other 
equilibrium curves are also not in keeping with known facts. 

J. P. S. 

Chemical Affinity. XI. The Transformation of Reciprocal 
Pairs of Salts and the Equilibrium of Benzidine and 
Benzidine Sulphate. J. N. Bronsted and Agnes F£tf.rs£,n 
(K. Da/nske. Videmk. Medd. Math. Phyii., 1917, 1 , No. 3, 1 — 21; 
from Chem, Zentr., 1920, i, 425 — 426. Compare A,, 1915, 
ii, 221). — The affinity of the reaction KCl + NaBr — >- KBr + NaCI 
has been estimated to be 1620 cal. by an electrochemical method, 
using hydrogen, tartaric acid, and alkali tartrates; the following 
elements were measured: (1) Hg | H2C4H40g,KHC4H406,£Cl | 
HgCl,Hg; (2) H | H2G2H406,NaHC4H406,H20,NaCl | HgCl,Hg; 
(3) H I H2C4H40e,KHC4H40fi,KBr | EgBr,Hg ; 

(4) H I H2C4H406,NaHC4H40e,H20,NaBr,2H20 1 HgBr,Hg. 

The affinity of the transformation KCI + JNa2S04 — >■ IK2SO4+ 
NaCl was measured in the following manner. As a consequence 
of the formation of glaserite, the system of the three salts is 
unstable, but the two systems KCI + K2SO4 and NaCl + Na^SOj 
are separately completely stable. If sulphuric acid of the same 
potential is added to each system, the following actions occur: 
P2SO4 + KCl = JK2SO4 + HCl and + NaCl - iNa2S04-^ 

HCl; hydrochloric acid is thus liberated at two potentials, the 
difference of which is a measure of the affinity of the change. The 
two potentials were measured by hydrogen and calomel electrodes. 
The authors endeavoured to secure equality in the sulphuric acid 
potential in the two systems by the addition of a mixture of 
benzidine and benzidine sulphate, or of the latter alone; it was 
expected that elimination of sulphuric acid would occur in accord- 
ance with the scheme Cj2H8(NH2)2,H2S04 — > Cj2Hg(NH2)2 + 
H2SO4 until the solution had attained a sulphuric add potential 
independent of the other componente. It was, however, found 
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that the deoompositian of benzidine sulphate by water or aqueous 
solutions does not take place in such a simple manner, sincse the 
addition of benzidine to a solution which was in equilibrium with 
benzidine sulphate caused a marked decrease of the sulphuric 
acid potential Further investigation disclosed the existence of 
tJbe comfowuk [Ci 2 Hg(NH 2 ) 2 ] 3 , 2 H 2 S 04 and [Ci 2 H 8 (NH 2 ) 2 ] 2 ,H 2 S 04 
in addition to the well-known sulphate. By the aid of elements, 
in which the sulphuric qcid potential was maintained constant in 
the manner indicated, the affinity of the reaction KCl-f ^NagSO^ 
was estimated to be 210 cal. H. W. 

The Term “Inversion." J. B. Ferguson {Science, 1919, 
[N.S.], 50, 544 — 546). — The following terminology in inorganic 
chemistry is suggested. Changes such as the passage of rhombic 
to monoclinic sulphur, the equilibrium temperatures of which are 
axed at fixed pressures, regardless of the complexity of the 
system, provided no solid solutions are formed, are examples of 
“ inversion . ’ ’ Such reactions as the melting of sodi um sulphate 
decahydrate, which occur, under a definite pressure, within a range 
of temperatures in presence of a third component, are cases of 
“transition.” ^'Dissociation” is the name given to univariant 
changes when the compositions of all the phases can be represented 
by chemical formulae. J. R. P. 

Proportions of Chlorine and of Hydrogen which Limit 
the Explosion of Mixtures of these Gases, Paul Matuieu 
(J. Physique, 1917, 7, 166 — 172). — If a mixture of hydrogen and 
chlorine is exposed to the radiation from the spark of an induo 
tion coil, explosion occurs only when the composition of the mix- 
ture is between the limits 91 ‘9% of chlorine and 8T% of hydrogen 
and 14 ‘3% of chlorine and 85 '7% of hydrogen. When exposed to 
the radiation of a magnesium flame, the explosive mixtures lie 
between the limits 90*2% of chlorine and 9 8% of hydrogen and 
47 '5% of chlorine and 52' 5% of hydrogen. The different explosion 
limits are possibly due to the good conductivity of hydrogen for 
heat. Chemical Abstracts. 

Hydrolysis of Esters of Polyhydric Alcohols. II. Euchi 
Yamazaki (7. Tokyo Ghem. Soc., 1919, 40, 667 — 680). — In this 
paper are given the experimental data obtained in connexion with 
the equation previously deduced for the hydrolysis of triacetin to 
glycerol (this vol, ii, 170). Chemical Abstracts. 

Catalysis. VII. Catalysis in Heterogeneous Systems. 

Nil Ratan Dhar (Proc. K. Akad. Wetensch, Anisterdam, 1920, 
22, 570 — 575). — The velocity of solution of anhydrous ferric 
sulphate in water can be increased by the presence of reducing 
ugents, such aa stannous chloride or ferrous sulphate, but no satis- 
factory explanation of this phenomenon is forthcoming. 

When 20% nitric acid in excess acts on copper at 18°, so that 
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the whole of the copper is dissolved, the action is accelerated by 
both ferrous and ferric salts, as well as by a number of other salts 
and compounds. The view hitherto held regarding the part 
played by ferrous salts in destroying nitrous acid needs to be 
modified, since it has been shown that nitrous add is formed by 
the action of nitric acid on ferrous salts. Oxidising agents libe 
hydrogen peroxide, potassium permanganate, chromic acid, etc., 
which destroy nitrous add, retard the action of nitric acid or 
copper. Finally, there is a small group of substances which h 
very small concentrations exert a slight acwlerating effect, whils; 
in large concentrations they have a retarding effect (compare T. 
1917, 111, 707). ^ 


The Effect of Surface Oxidation on some Metalli 
Catalysts, Frank F. Rupert {J. Amer. Chem. Soc.,^1920, 42 
402 — 411). — The observation reported by Wigand {Sitzvngsht} . 
(res. Naturwiss . Mdi'hurg, 1907, p. 33) that platinum foil which 
has been used as an electrode acquires an increased catalytic 
activity towards detonating gas (electrolytic hydrogen-oxygen 
mixture) has been confirmed by the author. The increased 
activity however, is confined to the anode; it is due to surface 
oxidation, and can be induced by chemical means as well as by 
anodic polarisation. The surface oxidation probably consists in 
the formation of a film of surface- combined oxygen of atomic 
dimensions. Increase of catalytic activity by anodic polarisation 
was also found in the case of palladium and of gold ; in the case 
of cobalt, a slight increase detected was probably due to increase 
of the active surface by etching. An estimation of the com- 
parative order of magnitudes of the activities of the metals 
examined gives 50:1 for the ratio of palladium to platinum, 
2000:1 for platinum to gold, and 200:1 for platinum tn cobalt 
The results obtained contradict Sackur^s conclusions with regard 
to the effect of polarisation on the catalytic activity of met ab 

A., 1906, ii, 261). 


Do Simple Numerical Relationships Exist between the 
Linear Dimensions of the Atoms ? Mariano Pierucci {hmo 
dm., 1920, [vi], 19, i, 109-115).~The author that only 

at the absolute zero of temperature is it possible for the atomic 
volume to represent the true volume of the atoms. On 
assumption, he calculates the cube root of the atomic volume at 
absolute zero for those elements which (1) have a known densi 
in the solid state, and (2) have a coefficient of thermal expaiisio 
which either is known at low temperatures or is known and 
small at ordinary temperatures. To this cube root he give, 
name atomic radms. The necessary data are taken from Landoit 
tables, and are known, in some instances only approxima y, 
twenty-nine elements. The results obtained appear 
that 4e atomic radii of all elements are integral multiple^o ^ 
and the same length. 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 301 


electron Ring Model and the Electrical Moment of some 
Dipolar Molecules. L 6 ox Schames (Pkysikal. Zeitsch., 1920, 21 , 
^ 5 ^ 158 . Compare this vol., ii, 172). — The electrical moment 
of diatomic molecules is considered theoretically, and equa- 
tions ^re developed by which this factor, and other factors con- 
nected with the structure of molecules, may be calculated. Calcu- 
lations are carried out for the molecules of carbon monoxide, 
hydrogen chloride, water, and carbon dioxide, and the following 
values obtained; h is the distance between the two nucleii of 
effective charge number rq and respectively, and mass mj and 
rj and are the distances of the nuclei from the mechanical 
centre of gravity, and and their distances from the electron 
ring; is the radius of the ring of n electrons, w is the angular 
velocity of the electrons in the ring, which is calculated from the 
quanten equation im^o> = khl2Tr, where the quanteii number k for 
the second and third ring is equal to 2 ; n; is the fraction of h 
where the electrical centre of gravity of the ring lies, and yh is 
the distance the electrical centre of gravity of the nucleus lies 
frMa the nucleus n, that is, y—n^jn-, I is the length of the dipole, 
and the other sjnnbols have their usual meaning. Carbon mon- 
oxide, P - 10-07 X 10-^0, Q - 10-07 X 10 -«, - 6 , % = 4, 

/i.^0*951 X 10“®, rj^O'4075 X 10“®, 0-543o x 10"^ .^-0184, 

v-^0-400, r^i = 0-175 X 10-8, ^2^0-776 x 10-8, ^^0‘713 x 10-8, 

oj-4-60 X 10^^, ^=0-205 X 10"8, and il/' — 9’70 x 10-^8 Hydrogen 
chloride. i"-^-2*7 x 10-« n, = l, = 1-31 x 10-8. 

fj - 0-036 X 10-8, - 1*274 X 10-8, i = 0*0034, ?/ = 0*12.^), 

-0*0045 x 10“8, — 1'3055 X 10“8, a — 0-786 x 10-8, 

0 ) =3-78x10^6, 

I ^ 0-159 x 10-8, M - 6 02 x 10 -^ 8 . ^Vater, P - 2-21 x 10-<f*, 
<?-l*25xl0-4'>, 7? -0*96x10-^0, ni = 6. r;., = l, /j, = 0*657 x 10-8. 
i=0*542 X 10-8, rr = 0*0734 x 10*8, r.-, = 0*796 x 10-8, ,7:=0-027, 

;// = a-250, -0*0177 x 10-8, ^^^O-GS'O x lO'S, a = 0-402 x 10-8, 

w = 14‘4xl0^^ 7 — 0*146x10-8, il/ = 1*87 x 10-^8. Carbon dioxide, 
/^= 9 ' 40 x 10 -*^o^ (? — 5*83 X 10-^0, 7? = 3*57 x lO”*®^ n 2 = 6 , 

/}- = 0-708xlO-8, 5 = 0*262 x 10-8, ^^ = 0*515 x 10-8, r., = 0*325 x 10“8, 
.r = 0*90, ?/ = 0*75, f/i= 0*637 x 10 - 8 , ^4^0*071 x 10-8, 
n;=0*485 x 10 ’ 8 , 

<u = 9-92x 10-16, Z = 0-106x 10-8, J/^ 8*01 x 10 -i 8 . T. F. S. 

Twenty sixth Annual Report of Committee on Atomic 
Weights. Determinations Published during 1918 and 
1919. Gregory Paul Baxter (/. Amer. Ckem. Soc , 1920, 42, 
327 — 333). — Papers published during 1918 and 1919 dealing -with 
atomio weight determinations are summarised. E. II. R. 

Apangement of Electrons in the Elements of the Long 
Periods. Rudolf Ladenburg (Nahinoiss., 1920, 8, 5 — 11 : from 
Ckevi, ZeMr., 1920, i, 315 — 316). -The arrangement of electrons 
postulated by Kossel (A., 1919, ii, 108) gives satisfactory results 
far as scandium. For elements of higher atomic weight, how- 
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ever, it Jnust be replaced by another conception, since it demaiiiii 
a definite prevalent valency, whilst the elementa from tiUniun^ 
to zinc and from zirconium to cadmium exhibit a series of mobile 
valency stages, and, also, the maximal valency, so far as such can 
be spoken of, ■ does not increase from member to member, but 
remains constant. Peculiar physical properties, such as magnetbui 
of the elements and colour of the elementary ions, are assodat^d 
with the change in chemical behaviour. Both properties are 
dependent on conditions under which the readily separable outer- 
most valency electrons are already detached. ^ Those elemente 
which are paramagnetic and have small atomic volumes yield 
coloured, positively charged ions in the dissolved state and in 
glasses and precious stones. To account for the peculiar position 
of the elements of the series mentioned above, the author consider? 
that the outermost zone of all the elements from titanium to ziuc. | 
and from yttrium to cadmium (except copper and silver), contain? 
two electrons. The common metallic character of the majority 
of these elements, and the fact that they are at least positively 
bivalent in their heteropolar compounds, thereby find their ex- 
pression. The sharp maxima of the atomic volumes of the alkali 
metals indicate that with them a new electron zone commences; 
this is certainly not the case with copper, silver, and gold, tie 
atomic volumes of which lie near the minima, and are scarcely to 
be distinguished from the neighbouring elements. The new 
electrons of the elements titanium, vanadium, chromium, etc., 
must migrate into the interior of the outermost zone, hut are 
supposed to form an intermediate zone between the two outer 
ones previously described, since they can participate in chemical 
reactions in the same manner as the electrons of the outennost 
zone, but have greater freedom of motion than these, and can also 
be separated singly ; an explanation of the varying valency of 
these elements is thus given. In the cases of zinc and cadmium, in 
which the number of electrons in the intermediate zone is already 
increased to ten, a stable arrangement similar to that of the noble 
gases is postulated, so that an electron of this zone cannot be 
detached in exchange with other atoms. In the cases of gallium 
and indium, the new electrons take their place in the outer zous 
(as in the short periods), which in the corresponding rare gases 
(krypton and xenon) contain eight electrons. The assumption of 
the intermediate zones facilitates the understanding of the r a 
tionship between the colour of the ions and the periodic system 
It is thereby assumed that the electrons of the intermediate zone, 
when the latter is incomplete and contains less than ten electrons, 
are more readily displaced by the energy of visible light, and, in 
accordance with Bohr’s conception of emission and absorption, 
absorb the corresponding energy and pass to a path ot g^. 
energy. Absorption in the ultrarviolet must be ac^mplis } 
electrons of other, more complete zones. Although an analog 
must exist between the colour of the iota and 
since each property is ascribed to the looseness of the a 
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of the electrons in. the incomplet© intermediate zone, a complete 
atrreement between these properties is not to be expected. The 
connexion between colour and ability to form compounds depends 
ojj the amounts of energy which are required for the absorption 
of light on the one hand, and for the production of another degree 
of comhination on the other. The quantities of energy are related 
in the same manner as the resonance potential and ionisation 
tension in the line spectra of metals. Doubtless, coloured com- 
pounds can exist in which the intermediate zone is absent, but 
mobility of the electrons is due to other influences. The simul- 
taneous appearance of colour in the ions and of paramagnetism 
ill the periodic scheme indicates that the latter is also caused by 
the electrons of the intermediate zone, although it is acknowledged 
that the latter phenomenon is but little understood. The dis- 
tinctive characteristics of the electrons of the magnetic elements 
are still less obvious, and are not expressed in the author’s scheme. 
The latter is, however, only to be regarded as a preliminary 
conception. H. W. 

New Periodic Relationship between the Atomic Weights 
of the Chemical Elements. Karl Fehrle {Physikal Zeitsch., 
1920, 21, 162 — 166. Compare A., 1918, ii, 296). — A theoretical 
paper in which, on the basis of the quantum theory, an expression 
i? evolved whereby the atomic weight of the elements may be 
calculated. The calculation is based on the atomic model 
previously described by the author (loc. dtX The atomic weight 
is calculated by means of the formula ’'^67-7 + (n — 1)T6'59, 

where n is the number of sheaths in the atom. The calculated 
atomic weights run parallel with the experimental values, and the 
difference between the two is a periodic function of the atomic 
weight. The cause of this periodic function is to be found in the 
characteristic vibrations of the molecule in relationship to those 
of its atoms. J. F. 8. 

Inter-relationship of the Chemical Elements . Hawksworth 
Collins {Ghem. News, 1920, 120, 169 — 170). — The author has 
picked out nine pairs of elements, the sum of the atomic weights of 
each pair of which approximate to that of vanadium; six pairs, the 
sum of the atomic weights of which approximate to that of 
chromium; and eight pairs, the sum of the atomic weights of which 
approximate to that of manganese. In these tables, three sets 
of coincidences are apparent: (i) The sum of the valencies of each 
pair is equal to the valency of the element under consideration in 
seventeen cases out of twenty-three, (ii) The sum of the valencies 
of each pair is odd or even according as the valency of the element 
under consideration is odd or even, (iii) The sum of each pair 
of atomic weights is greater than the integer which is nearest to 
the atomic weight of the element under consideration in twenty 
<'a.ses out of twenty-three, when the atomic weight of oxygen is 
taken as sixteen, and is less than the same in nineteen cases out 
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of twentythree when hydrogen is taken as the unit. It ig 
that the probability that the first coinddence is due to chance b 
one to several billions, that the second is a chance or accident b 
one to eight millions, and that the third is a chance or accident 
is one to four thousand millions. The author concludes, therefore, 
that these relationships are due to some general similarity in the 
formation of the elements. [See also A., 1919, ii, 106.] 

J. F. S. 

Dependence of the Valency Number on Temper^ 
ture. III. The Systematic Doctrine of Affinity, x. 

Wilhelm Biltz (ZeiiJich. anorg. Chcm,, 1919, 109, 132 144. 
Compare A., 1915, ii, 440, 465, 466).— A theoretical paper in which 
the dependence of the valency exercised by various elements at 
diflferent temperatures is considered. The dissociation of th( 
hi<^her chlorides of gold, platinum, iridium, and vanadium, thf 
oxides of iron, uranium, and lead, the crystalline hydrates ol 
uranyl nitrate and certain sulphides is discuss^, and the db 
sociation represented as valency isobars. From this wnsideration 
it is shown that the valency isobars are steeper the lower tii 
temperature of the starting point. This rule, however, is no 
absolute for when substances which have dissimilar constitution 
are considered, it fails entirely. The constitutive influences ar 
considered in connexion with the metal ammines. The tempers 
ture range over which the ammines of the chlorides of the metal 
manganese, iron, cobalt, and nickel are stable is tabulated, 1 
the case of the hexammines. that of nickel iodide has the greatesi 
temperature range of existence (17 7 ’5'^). and that of manganese 
chloride the least. The order of existence increases from man- 
cranese to iron, cobalt, and nickel, and from chloride to bromide 
Ind iodide Tn the case of the diamraiiiea, the range of existence 
increa-e^ from chloride to bromide, and falls again to the lorhde 
to a value lower than that for the chloride; it also increases from 
mancranese to iron, and then falls to cohalt and nicke It is 
found in the monammines that the existence range falls from 
chloride to iodide and from manganese to nickel, J. F. 


Calculation of the Chemical Constants of Polyatomic 
Gases from the Planck Theory of Probabihties . Ifc 

ScHAMES {Fhvdkol. ZeAHch; 1920, 21, 158—159 po™P™ 
vol ii 172).— It is shown that the stnet calculation from 
Planck' probability theory leads to the same result as 
Tetrode calculation {ho. cit.). It is shown that 
0-94x10-® for water according to the Sackur-Tetn^e cak 
tioii, hut from the rotation spectrum, according *<> ’J' j 

theory, the value is I'SSxlO-®, and from the y® 

theory 2-48 x 10-®. No reason can, as yet, he given 
discrepancy. 

Graphic Mixture Calculations. Wa. Ostwald {Ghem. 
1920, 44, 241— 242).— When it is required, from two or m 
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materials confcaining two or more constitiient-s in known proper - 
tioDS, to produce another mixture containing the same con- 
4ituent» in other proportions, the calculation can be greatly 
simpliW hy the use of the graphic method. In more oompli- 
^ted cases, an exact solution of the problem may be impossible, 
and the graphic method then affords a ready means of obtaining 
an approximate solution. E. H. R. 

Measurements of the Volume of the Mercury Meniscus . 

J. Palacios {AtujI. Fis. Qmm., 1919, 7, 275 — 295), — Exact deter- 
minations have been made of the volume occupied by the meniscus 
of mercury in glass tubes 5, 6, 7, 8, 9, 10, and 11 mm, in diameter, 
and with heights of meniscus varying by 0*1 mm. from O'l mm, 
to 2'1 mm. The author draws attentiou to a constant appreci- 
able difference between his results and those of Scheel and Heuse 
Physique, 1910, 33, 291), and suggests that an error of 
O04 mm. for the radius of the tube used by Scheel and Heuse 
would account for the discrepancies. W. R. S. 

Apparatus for the Extraction of Liquids. Kuki Bkauer 
and Erwin W. Ebert {Chem. Zeit., 1920, 44, 214). — An 
apparatus of the Soxhlet type is described for the extraction of a 
liquid with a solvent of greater density. In place of the usual 
siphon of the apparatus, a tube is provided extending upwards 
from the bottom of the main cylinder and entering the side 
(vapour) tube at about two-thirds the height of the latter. As 
the heavy solvent collects below the liquid undergoing extraction, 
it flows gradually back through the side- tube into the extraction 
flask. A tap is provided between the cylinder and stem of the 
apparatus. W. P. S. 

Lecture Experiment on Combuetion. A. Price {Chem. 
Nen's, 1920, 120, 149 — 150).— A Bunsen burner is made with a 
long, wide glass tube in place of the usual metal tube, and a little 
above the top of the tube a wire is clamped at right angles to it. 
The gas is turned on so that a mixture of coal-gas and air ascends 
the tube, as in the ordinary Bunsen burner. By carefully lower- 
ing a small flame on to the wire, with possibly a little adjustment 
of the gas supply, the gas can be made to burn indefinitely from 
the top of the wire with a very pale blue, luminous flame. The 
flame can similarly bo made to burn from a small, rounded object, 
such as a bullet, suspended above the tube by a fine wire. The 
continuance of the phenomenon depends on the mixed gases 
coining up the tube at a certain velocity, too great for combustion 
to take place at the end of the tube. The presence of the wire or 
small object lowers the velocity sufficiently to permit the gases to 
bum. When the velocity is lowered sufficiently by cutting off the 
gas supply, the flame strikes back to the jet at the bottom of the 
tube. E. H. R. 
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Inorganic Chemistry. 

The Purification of Liquefied and Compressed Gases for 
Laboratory Purposes. L. Moser [and, in part, W. FoltzI 
(Zeitsch. anorg, Ohem.^ 1920, 110 , 125 — 142). — An account 
is pven of the impurities likely to be present in those gases 
which are supplied commercially in cylinders, and of the^best 
means for purifying the gases. Carbon dioxide, which h 
obtained commercially by heating a metal hydrogen carbonate 
solution, contains 1 — 2% of impurity. It can be completely 
fr^d from oxygen by passing it at a rate of 4 to 6 Htreg 
per hour through a paste of chromium acetate, and tfeea 
through a 15% solution of titanous chloride acidified with hydro- 
chloric acid, or by passing over red-hot copper at 4 to 10 litres 
per hour. Carbon monoxide can be removed by passing the gas 
over asbestos carrying finely divided cuprous oxide at 700—800^ 
hydrogen sulphide by copper sulphate on pumice stone, and 
sulphur dioxide by a solution of potassium permanganate. Com- 
mercial nitrogen, prepared by the Linde process, has only to he 
freed from traces of oxygen. The best wet absorbent is copper 
gauze in ammonium carbonate solution, the gas being subse- 
quently passed through concentrated sulphuric acid to absorb 
ammonia. It can finally be passed over copper asbestos at 
700—800^ to remove the last trace of oxygen. Electrolytic 
hydrogen is practically pure, but that prepar^ from water gas 
by the Linde process may contain air, oxides of carbon, and some- 
times arsine. Further, through the action of the carbon mon- 
oxide on the steel cylinder under pressure, iron pentacarbonyl is 
formed, and the hydrogen may contain more than 3% of 
it. Owing to* the difficulty of removing this impurity or 
the carbon monoxide formed by its decomposition, such hydrogen 
is unsuitable for laboratory use. Commercial oxygen, prepared 
by the Linde process, contains only traces of nitrogen, which can- 
not be removed by chemical means, and a trace of carbon dioxide, 
which can be removed by soda-lime. Electrolytic oxygen may 
contain as much as 4% of hydrogen, which can be burnt to water 
by passing the gas over heated platinised asbestos. Commercial 
chlorine, generally of electrolytic origin, can be freed from air 
and oxides of carbon by liquefying in a tube immersed in a mix- 
ture of ether and carbon dioxide and redistilling, and commercial 
sulphur dioxide can be purified in the same way, although it i? 
pure enough for most purposes. Commercial ammonia contairs 
about 2% of impurity, consisting of water and organic substances, 
such as pyridine, methyl amine, and pyrrole. The gas can be 
dried by means of lime or soda-lime, but the organic impurities 
are difficult to remove. E. H. R. 

Determination of the Boiling Point of Sulphur by me^ 
of the Nitrogen Thermometer. P. Chappuis (Bur. Int. Poik 
Mti., 1917, Mem. 16 , 44 pp.). — The b. p. of sulphur at normal 
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pressure, determined by measuring tka increase of pressure at 
constant volume of nitrogen (prepared from a solution of sodium 
j^trite, ammonium sulphate, and potassium chromate, and washed 
^th a mixture of potassium di chromate and sulphuric acid and 
then with potassium hydroxide) in a silica bulb of capacity 
approximately 247 c.c., was found to be 444' 60® on the thermo- 
dynamic scale. 

The original paper should be consulted for details of the 
apparatus employed and the corrections made. 

Chemical Abstbacts. 

Action of Hydroxylamine on Sodium Tetrathionate. 

X , Gutmann { Btr.y 1920, 53, [5], 444 — 446).- — ^In acid solution, 
hydroxylamine oxidises the sulphite residue in tetrathionic acid 
to sulphuric acid, and is itself reduced to ammonia, HgS^Og-i- 
NHg’OH - 1 - H20 = 2H2S0^ + 2S-1- NHj. In alkaline solution, on the 
other hand, the loosely combined oxygen atom of the tetrathionate 
oxidises hydroxylamine to nitrous or nitric acid, Na^S^Og + 
2NH2’0H -h 3NaOH = 2 Na 2 So 03 + NaNO, -h SHgO + NHg. 

H. W, 

The Decomposition Equilibrium of Nitrosyl Bromide and 
the Proof of (the Formation of) the Tribromide, NOBrg. 

Max Trautz and Vasanji P. Dalal (Zeitsch, anorg. Ghem., 1920, 
110, 1 — 47). — A continuation of previous work (A., 1918, ii, 162). 
The equilibrium between nitric oxide, bromine, and their reaction 
products was studied between -15® and 330® by the method 
previously described (compare Trautz and Wachenheim, A., 1917, 
ii, 74), with bromine pressures between 13 and 500 mm., and nitrio 
oxide pressures between 28 and 900 mm. Equilibrium is attained 
very rapidly, and the reaction is the most rapid which has yet 
been studied. For low bromine pressures, below 50 mm., and at 
temperatures above 140®, the amount of the tribromide formed 
appears to be negligible, and the reaction 2NO + Br 2 ^ 2NuBr 
can be regarded as of the third order. As is to be expected 
from the small heat of reaction, the reaction is more rapid than 
the formation of nitrosyl chloride. The velocity constant is, at 
-15®, 10-10. 

An independent proof of the existence of nitrosyl bromide and 
nitrosyl tribromide was obtained from an investigation of the 
fusion-point diagram of the reaction products of bromine and 
nitric oxide. The fusion curve shows a eutectic of bromine and 
nitrosyl tribromide, a maximum at —40® corresponding with 
NOBrg, a second eutectic of NOBrg and NOBr in the neighbour- 
hood of —60®, and a second maximum corresponding with NOBr 
at about -55®. Nitrosyl tribromide was found to be a brownish- 
black, almost opaque liquid which begins “to boil, with partial 
decomposition, at about 32°. It has Df= 2*637, which agrees 
closely with I^ndolt’s value, 2*628 at 22 '6°. The fusion diagr^ 
does not confirm or exclude the existence of nitrosyl dibromide 
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among the products. The heats of formation of the mono- and 
tri-hromide were calculated from measurements made of their 
heats of reaction in aqueous solution with potassium hydroxide 
The significance of the results obtained cannot be exactly 
estimate, because the extent of decomposition of liquid NOBr 
and NOBfg is unknown, but probably the heat of formation of 
NOBr is between 9000 and 10,500 cal., and of NOBrg between 
22,000 and 27,000 cal., at 22°. The results obtained for the 
equilibrium constants and for the heats of formation agree in 
general, with theory. It is concluded that, in liquid mixtures of 
the components at low temperatures, the principal product is 
nitrosyl tribromide, in gaseous mixtures rich in bromine at 
moderate temperatures, nitrosyl di bromide, and under other con- 
ditions, nitrosyl bromide or its decomposition products. 

E. H. R, 

War Experiences In the Manufacture of Nitric Acid and 
the Recovery of Nitrous Fumes. James Walker (T., 1920, 
117 , 382 — 389). — A lecture delivered before the Chemical Society 
on December 18th, 1919. 

Interaction of Phosphorus Haloids and Arsenious 
and Arsenic Compounds. Nagendea Nath Sen (J. Proc. 
Asiatic Soc. Bengal., 1919, 16 , 263 — 265). — When a few drops 
of phosphorus trichloride are added to an aqueous solution of 
arsenious oxide, the solution turns yellow, then opaque-brown, 
and finally a copious precipitate of arsenic is thrown down. The 
arsenic is amorphous, apparently a new allotropic form, insoluble 
in carbon disulphide. The reaction does not take place when 
phosphorous acid is used or when the phosphorus trichloride is 
first dissolved in water. With phosphorus tribromide and tri- 
iodide, the same reaction takes place, but more slowly, and in the 
latter case the precipitate is contaminated with red phosphorus. 
Unlike the trichloride, the tribromide and tri -iodide still bring 
about the reaction if they are first dissolved in water. It appears, 
therefore, that an intermediate compound is first formed whet 
the phosphorus haloid dissolves in water, hut that, in the case of 
the trichloride, this intermediate compound is more rapidly decom- 
posed than in the cases of the other haloids. The reduction, 
which takes place with both arsenites and arsenates, is brought 
about by the intermediate compound. The reaction is very 
delicate, and with phosphorus trichloride the presence of O'OOOOio 
gram of arsenic per c.c. can be detected. Antimonious and anti- 
monic compounds do not give the reaction. The course of the 
reduction is probably given by the equation AsgO^ + 3PCl}-f 
9H.0 = 2 As-f 3 H.,P 04 + 9HCl. E. H. R. 

Coagulation of Metal Sulphide Hydrosols. II. Influence 
of Temperature on the Rate of Coagulation of ArsenionE 
Sulphide Hydrosols* Jnanenora Nath Mukheejei (T., 1920, 
117 , 350—358). 
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Cliarcoal before the War. I. Wilder D, Bancroft (/, 
physical Chem ,, 1920, 24, 127 — 146), — A theoretical paper in 
which the composition and struct ure of various forms of charcoal 
are discussed. J. F. S. 

Some Properties of Charcoals. H. E. Cude and G. A. 
HuLETT (J. Amer . Chem . Soc., 1920, 42, 391— 401).— AVhen the 
density of charcoal is determined by the water immersion method, 
a gradual increase in weight of the immersed charcoal is observed, 
the maximum weight only being reached after many days. The 
same occurs when other liquids, such as carbon disulphide, benzene, 
or carbon tetrachloride;, are used instead of water, and in each 
case the final density found for the charcoal is different. Quanti- 
tative experiments were made with a sample of cocoanut charcoal, 
18 — 20 mesh, and the maximum densities found were : with water, 
l-854j with carbon disulphide, T984i with benzene, 1'797; and 
with carbon tetrachloride, TG47. The change in weight of the 
immersed charcoal with time is due to the progressive penetration 
of the liquid into the charcoal, rapidly at first, then more slowly. 
The rate of penetration and the final density found appear to 
vary in, proportion to the surface tension and inversely with the 
viscosity of the liquid. The smaller the size of grain of the char- 
coal, the greater is the density found, and with the smallest grains 
obtainable, O' 001 mm. in diameter, using water as the liquid, the 
final density I'OOQ was obtained. High pressure causes rapid 
penetration, and the 18 — 20-mesh charcoal in water under 8600 
atm. gave a density of 1 ■ 902 in the course of a comparatively short 
time. E. H. R. 

Activation of Wood-charcoal by Heat Treatment. James C. 
Philip, Sydney Dunnill, and Olive Workman (T., 1920, 117, 
:;62-369). 


Oxidation of Carbon Monoxide. Karl Hofmann (H.R.-P 
307614; from Chem. Zentr., 1920, ii, 446). — The process is effected 
hy chromic acid solution to which mercuric oxide has been added. 
The presence of the latter substance so accelerates the oxidation 
of carbon monoxide that this gas can be removed from its mixtures 
with air and other gases with sufficient rapidity for analytical and 
fiygienic purposes. H. W. 

Carbonyl Chloride. E. Patekno and A. Mazzucchelli 
{^Tfizzclla^ 1920, 50, i, 30 53). — The carbonyl chloride was pre- 
])ared by the action of fuming sulphuric acid on carbon tetra- 
chloride, and was purified by distillation with the help of a 
Jephlegmator maintained at constant temperature. A special 
apparatus was designed for storing the chloride obtained and for 
ilriivpring small amounts of it as required. 

The density of liquid carbofiyl chloride, measured by means of 
a dilatoineter with a graduated capillary tube at tenqieratures 

VOL, oxvni, ii. 11 
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between -15’4® and +59-9®, is expressed well by tbe foriQuU 

— r4264 — 0-002326^, t being in degrees Centigrade. 

Determinations have been made of the orthobaric density of 
liquid carbonyl chloride and its vapour by means of Ter-Gazarian’? 
modification (A., 1906, ii, 423) of Young’s process, the tempera- 
tures employ^ lyirig between 60-3° and 181*6°. In accordance 
with the rectilinear diameter law of Cailletet and Mathias, tie 
sum of the densities of the liquid and vapour varies very nearlv 
linearly with the temperature, the maximum divergences beini 
less than 0*3%. The whole of the resnlts agree well with tie 
expression 1-4277 — 0'00214i, whilst for temperatures above UP 
for which the diameter is more certainly rectilinear, the formula 
1*4380 -0*0022^ holds. 

Comparison of the orthobars of carbonyl chloride and zi-pentane 
(see Young, T., 1897, 71, 455) gives for the critical temperature ai 
carbonyl chloride the value 187°, which should be accurate to 
within 1 — 2°. The two expressions given above then lead to the 
respective values 0*5137 and 0-5133 for the critical density. The 
conclusions arrived at by Young from considerations based on tie 
law of the rectilinear diameter show that for carbonyl chloride 
this diameter is convex towards the axis of temperature, and also 
lead to the provisional value 51 '5 atmos. for the critical pressure. 
According to Mathias, the extrapolated density at absolute zero is 
three times the critical density, but for carbonyl chloride, such 
extrapolated density, calculated in accordance with Mendeleev? 
formula, is almost exactly four times the critical density. 

Measurements of the surface tension of carbonyl chloride hav? 
been made by means of Ramsay and Shields' method (T,. 1893. 
63, 1094), the values obtained for y — ~ a) 12 being 19*61 at 

16*7°, 17*10 at 34*5°, and 15*42 at 46*1° The so-called molecular 
tension, G'—y(MjS)i, has the mean value 2-05, which agrees well 
with the value 2-12 given by Ramsay for non-polymeriseJ 
compounds. 

Various series of measurements of the vapour pressure at 
temperatures ranging from about - 23° to 25° have been made, 
the results being in satisfactory agreement with the formula 
log 7 ? — 7*5995 - 1326/ r, p being the absolute pressure in mm. ol 
mercury at the latitude of Rome and T the absolute temperature. 
This formula indicates the boiling point of carbonyl chloride to be 
8*02° /760 mm., whereas Beckmann (^Zeitsch. anorg. Chem., 190i. 
55, 371) found 8-2°/756 mm. 

Berthelot’s statement that carbonyl chloride dissolves unaltered 
to the extent of 2 — 3 vols. in water, and that it reacts with tb 
latter only slowly, has been contested by recent authors (compas 
Grignard and Ur bain, A., 1919, ii, 340). The authors find that 
the chloride cannot exist for an appreciable time in contact will! 
pure water, but that the products, carbon dioxide and hydro- 
chloric acid, which it forms with the water hinder further action: 
in the case of gaseous carbonyl chloride, the carbon dioxide foi^- 
an inert separating layer at the surface of the liquid, whilst vilb 
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liquid carbonyl chloride it is saturation with hydrogen chloride of 
the water in immediate contact with the liqiiid to which retard- 
ation of the reaction is due. The action is therefore dependent 
essentially on diffusion. 

Retardation of the reaction between carbonyl chloride and water 
is caused by acids in general. Attempts made to measure the 
velocity of the reaction in presence of sulphuric acid by measur- 
ing the volumes of carbon dioxide evolved in different periods of 
time led to irregular results, but showed that the reactivity of 
sulphuric acid solutions with carbonyl chloride diminishes con- 
tinuously with increase in the concentration of the sulphuric acid 
and with fall in the temperature. No hypothesis is advanced 'to 
explain this effect of acids, which is due, undoubtedly, to a true 
retardation of the reaction, and not to a displacement of the 
equilibrium. 

The reaction between carbon tetrachloride and fuming sulphuric 
acid is not limited to that expressed hy the equation CCI4 -f 2803^ 
SsOjClj + COCI2, since in presence of excess of the hot fuming 
acid, the reaction CCI4 + 4SO3- 282050^ + CO^ takes place. 

If kept at a temperature below 0 °, liquid carbonyl chloride 
absorbs gaseous chlorine in large proportions. At and 

under the ordinary pressure, a golden-yellow Hqnid containing 
28 ‘ 3 % of free chlorine is formed; the vapour pressures of this 
liquid at different temperatures exhibit satisfactory agreement 
with the law stating that, in mixtures of similar and non -poly- 
merised liquids, the partial pressure of any component is equal 
to the pressure of the pure component multiplied by its molecular 
percentage in the mixture. 

Carbonyl chloride is absorbed in considerable proportions by 
heavy lubricating oils, from which it is expelled rapidly and almost 
completely by a current of air. T. H. P. 

The Production of Helium and Neon in Discharge Tubes 
containing Hydrogen. Arnaldo Piutti and Ettore Cardoso 
{Gazzetta, 1920 , 50, i, 5 — 23 ). — The authors have carried out a 
number of experiments on the action of the discharge between 
aluminium electrodes on hydrogen prepared by the electrolysis of 
dilute sulphuric acid and carefully purified. By means of the 
spectroscope employed, the neon contained in 0-05 c.c. of air 
could be detected with ease. After the subjection of the hydrogen 
h> the action of the discharge, the gas was burnt in oxygen pre- 
pared by heating potassium permanganate and carefully purified 
before use; the burnt gases were extracted and purified, and the 
residue examined spectroscopically. The apparatus used is briefly 
described. The pressure maintained during the discharge, which 
occupied from one to twelve hours, varied in different experiments 
between 01 mm. and 3 mm., the temperature prevailing being 
also varied in different cases. 

In no single case was the formation of helium or neon in the 
tubes detectable, this result being in agreement with that of Strutt 

11—2 



ii. 312 


ABSTRACTS OF CHEMICAL PAPERS. 


(A., 1914, ii, 201) and in contradiction to that of Collie, Patterson, 
and Mas&on (A., 1914, ii, 847 ; compare Baly, Annual Report. 
1914, 45). P. 

The Solubility of Potassium Bromide in Bromine Water. 

Alfred Francis Joseph (T., 1920, 117, 377 381). 

Formation of Mixed Crystals of Potassium and Am- 
monium Nitrates at the Ordinary Temperature. Caillakt 
(Bull. Soc. fran^.. Min., 1918, 41, 21—30; from Chem. Zenit-.. 
1920, i, 358). — The work is an extension of that of Wallerant (A.. 
1906^ ii, 151), who has investigated the formation of the laixetl 
crystals 'from the molten salts. The method suffers particularly 
from the drawback that the crystals remain in a metastable con- 
dition outside the limits of their stability. The author has ther^ 
fore investigated the crystals deposited from aqueous solutions at 
a constant temperature, 17°. Difficulties are encountered owing 
to the great disparity in the solubilities of the salts and to the 
poor development of the mixed crystals rich in ammonium nitrate, 
which almost prevents measurement. Crystallographic method^ 
are therefore supplemented by optical ones. The solubility curves 
of mixtures of the two salts, and the graphs showing tlie^ relation- 
ship between the composition of the mixed crystals and that of 
the mother liquors, have been studied in particular, and are found 
to be composed of three segments corresponding with three types 
of mixed crystals: (1) rhombic crystals of the potassium nitrate 
type' containing 0— 17'2 moleculeii of ammonium nitrate per IQo 
molecules of mixture, (2) moiioclinic crystals with 50-94-5 mole- 
cules of ammonium nitrate per 100 molecules of mixture, and (3 
rhombic crystals of the ammonium nitrate type with 98-ldtl 
molecules of ammonium nitrate per 100 molecules of mixture 
Two types of mixed crystals separate at each concentration, corie- 
sponding with the two points of intersection of the curv^. 

Influence of Various Metals on the Decomposition oi 
Sodium Amalgam by Water. Erich Muller and Am 
Riedel {Zeitsch. Blektrochem., 1920, 26, 104—109). 
decomposition of water by 0-2% sodium amalgam m the presenc 
of metallic and other substances has been determined. Ue 
amalgam (80 grams) was rapidly stirred with 50 c.c. of water au 
rpT^e ot in questiot, and th« hydrogen collected ^ 

measured. The experiments were “ 

silicon, ferro-vanadinm, ferro-tmigsteii, chromium, platmj. 
palladium, iridium, nickel, cohalt, 

and ferric oxide. It is shown that the iron alloys ® ^ , Irlie 

vanadium, tungsten, and chromium have a very f 

action on the process. This action depends 

surface of the amalgam due to the solution, and 

ation of the metals. The possibility of applying this action 
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the manufacture of sodium hydroxide by the mercury electrode 
process is considered, and it is shown that if the finely divided 
catalyst can be entirely removed from the mercury at the end of 
the process, then it will be advantageous to add the catalyst to 
the electrolyte in the mercury cells, but if it is not possible to 
entirely remove the catalyst, then the total current will not be 
in the formation of amalgam, but a portion will be used in 
the liberation of hydrogen. J. F. S. 

Behaviour of Magnesium Nitride towards Carbon Mon- 
oxide and Carbon Dioxide. Fr. Fighter and Christoph 

^^(iroELY {Nelv, Chim. Arta, I9i20, 3, 298 — 304). — The statement 
of Briegleb and G-euther (1862) that maernesium nitride reacts 
with carbon monoxide and carbon dioxide to give magnesium 
o\'idc cyanogen, and carbon, and, in the latter case, nitrogen also, 

erroneous. Quantitative experiments show that the decomposi- 
tion of the freshly prepared nitride at 1250® in a stream of the 
respective gases is expressed by the following equations: Mg.,N.i4- 
3CO.> = 3MgO + 3CO -t- No and Mg^No ; 3CO ^ OlMgO + N, -f 3C. 
Carbon monoxide causes no change at 750°. and reacts less readily 
than carbon dioxide. The reactions are considered to follow on 
the dissociation of the nitride, which was shown to be almost com- 
]ilete at 1500°. Aluminium nitride, which dis'^ociates much less 
readily (Fichter and Oesterheld, A.. 1915, ii. 168), is oxidised by 
carbon dioxide at 1300° only to the extent of 89^c. Briegleb and 
Geiither's statement may have been due to confusion of hydro- 
(‘van'e acid with cyanogen, since the authors observed a transient 
odour of the former from the product of the action of carbon 
monoxide on magnesium nitride. It is suggested in explanation 
of this that magnesium cyanide may have been produced to a slight 
extent by a reaction analogous to that' by Avhich calcium nitride 
is converted into the evanide bv ihe action of carbon and nitrogen. 

J. K. 

The Reactions of the Metallurgy of Zinc. M. Lemarchands 
(Cmpf. rend., 1920, 170, 805 — 807).- -From a study of the inter- 
action of zinc oroide and carbon in an atmosphere of nitrogen, it 
is shown that zinc oxi<!e is readily reduced directly by carbon 
without the necessary intermediate formation of carbon monoxide. 
The amount of carbon entering into ibe reaction is intermediate 
between the amounts necessary for the two possible aclions 
ZnO + C--Zn + CO. 2ZnO + C = 2Zn + CO.. This is explained on 
the grounds that the reduction of zinc oxide by carbon monoxide, 
^nO -r CO Zn + C0.2, takes place with a velocity superior to that 
:>f the reduction of carbon dioxide by carbon. This is possible, 
diice the first action commences at 350°. and the second only at 
100°. Further, for any given temperature; the vapour pressure 
•>f zinc oxide is much greater than that of carbon. W. G. 

Lead Chromate. Max Grocer (Zeitsch. anorg. Chem., 1919, 
109, 226—234).— When lead acetate is treated with an equi- 



ii. 3U 


ABSTRACTS OP CHEMICAL PAPERS. 


valent quantity of potassium chromate, a slightly basic 
chromate is precipitated, the relationship between lead oxide an 
chromic acid being represented by PbOiCrO^: if^ 

ever, 20 c.c. of iV-potassium chromate are added to 19 o.c. of 
acetate, a light yellow precipitate is produced which, on stirrini 
changes to an orange- yellow, crystalline precipitate of normal lea 
chromate. When 40 c.c. of TV-lead acetate are mixed with 10 c.i 
of .V- potassium chromate, and the mixture evaporated to drvnei 
on the water-bath and then washed with hot water, a basic lead 
chromate of the composition Pb 0 ,rbCr 04 is obtained. Rubtincr 
2 grams of normal lead chromate with 30 c.c. of iV-potassimn 
acetate solution, evaporating to dryness on a water-bath, and 
then washing with water, yields a double lead potassium chromate 
2PbCr04,KoCr04,H20. ' J- F. S. ' 

Copper Silicon Alloys. A. Sanfourche {Rev. Met., 1919,16, 
246 — 256 ; from Chem, Zentr., 1920, i, 409). — The alloys were pre- 
pared from electrolytic copper containing only O' 00007% of iron, 
and crystalline silicon, which after treatment with nitric and 
hydrofluoric acids left onlv 0*52% of residue and was free from 
iron; in spite, of this, however, the alloys contained iron derived 
from the tubes, which seldom exceeded 0*25% in amount. Tte 
preparation of the alloys, the analytical methods, and the apparah? 
ane shortly described, whilst the phase diagram and the results 
of microscopical and chemical investigation of the alloys are fullv 
discussed. Rudolfi (A., 1907. ii, 352) has attributed the obsemd 
maximum (’12*10% Si) to the formation of a compound, CipSi 
(Cu^ 87*04%. Si ^12* 96%), but the difference in the silicon con 
tent exceeds the experimental error, whilst, also, the accuracy of 
his curve is greativ affected by the small number of alloys investi- 
gated. The^ formula Cu^.Si^' (Cu 87*91%, Si- 12*09%), on ih 
5 th er hand, is "in sjood agreement with the results obtained. Tlie 
effect of this compound and of Rudolfi’s substance, CuiQSi 4 , on thf 
formation of jS- and -y-crystals is considered in the light of tie 
phase diagram, and the possibility of the assumption of solid solu- 
tions instead of definite compounds is discussed. Since it i' 
impossible to alloy more than 12'10% of silicon with copper, all 
tho' formulae of copper— silicon alloys requiring a higher silicois 
content are to be deleted from the literature, H. W. 

Amalprams. Giovanna Mayr {'Nuovo dm., 1920, [vi], 19, i 
116 — 128). — The authoress gives a brief summary of previous wori 
on the constitution of amalgams, and from the results of her ovb 
experiments, not described in detail, the following conchisions 
drawn. When the chemical constitution of an amalgam is kno^s 
determination of the R.M.F. of a concentration cell fumisbcY 
means of deducing the ratio between the concentrations of b| 
two amalgams forming the cell. During the ■passage of a ciirreR 
through an amalgam, the metal dissolved in the mercury is 
ported towards the anode, that is, in the direction of the ne^atuf 
current. As regards such transport, no appreciable distinction® 
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evident (1) between metals, sucK as thallium, which give rise to 
compounds with the mercury, and those, such as zinc, which dis- 
solve as such in mercury, or (2) between metals, such as sodium 
and potassium, which increase the resistance of the mercury, and 
those, such as zinc, which diminish the resistance. Tims, in contra- 
diction to Lewis's view (comj)are T.ewis, Adams, and Lanraan, A., 
1916, ii, 76), such transport of the metal does not appear to he 
related to the increase or decrease of the resistance of thp mercury 
produced by dissolution of the metal. Increase in the resistance 
of mercury may depend on the specific resistance of mercurides 
formed by the dissolved metal. T. H. P. 

Colourless Variety of Mercuric Iodide. (L Tammann 
[Zeii^ch. anorg, (Jhtm., 1920, 109, 213— 214).— A colourless 
variety of mercuric iodide may be obtained as follows : a quantity 
(10—15 grams) of mercuric iodide is placed in a long tube, sealed 
at. one end and connected with a large vessel at the other, and 
heated at 300 — -350°. The pressure is suddenly reduced to 
OT atm., when mercuric iodide condenses in the large vessel as a 
white snow, which in a few seconds becomes rose-coloured, and -in 
a few minutes has changed to the stable vermilion form of 
mercuric iodide. If the large vessel is previously cooled, the whit-e 
form may be preserved for longer periods. The yellow variety of 
mercuric iodide becomes colourless at the temperature of liquid air. 

J. P. 

The Solubility of Mercuric Oxide in Sodium Hydroxide 
Solutions. G. Fuseya {J. Amer. CheriL Soc., 1920, 42, 368 — 371). 
-To determine whether a compound can possibly be formed 
through the interaction of mercuric oxide and sodium hydroxide, 
solubility determinations of the former were made in sodium hydr- 
oxide solutions of different concentrations at 25°. The solubility 
curves, in which concentration of mercuric oxide is plotted against 
sodium hydroxide and hydroxyl -ion concentrations, respectively, 
when extrapolated to zero concentration of hydroxide or hydroxyl 
ion, give a value for the solubility of mercuric oxide considerably 
above the normal solubility in pure water. It is considered prob- 
able that the normal solubility is that of the red form of the 
oxide, whilst the extrapolated value represents that of the more 
finely divided yellow form. The steady increase of the solubility 
of mercuric oxide as the concentration of sodium hydroxide 
increases indicates that the hydrated oxide functions as a verj 
weak acid. The ionisation constant of the first hydrogen of 
mercuric acid, ILHgO^, is calculated to be 1-7 x 10“^^. E. II. R. 

Scandium. II. Jan Stfeba-Boiim (Btdl. Soc. chivi.y 1920, 
M, 27, 185—195. Compare A,, 1914, ii, 565).— A study of 
scandium fluoride and certain of its double salts. Scandium 
fluoride, as prepared by Crookes's method (compare A.. 1908, 
ii, 695), is not pure, because of the absorption of impurities during 
the precipitation. The fluoride may be obtained in a pure state 
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by the action of hydrofluoric acid on scandium oxide, the product 
being finally heated at 150—180® to remove any free hydrogen 
fluoride. Fluoroscandic acids do not exi&t in the free state, tut 
three ammonium scandifluorides were prepared. The ainmoniuui 
scandifluoride, (NH4)3ScF(. (compare Meyer, A., 1914, ii, 359, 
imdergoes hydrolysis in water, giving first the 
(NH4 )^ScF 5, quadratic crystals, and then the c<m.p<ynrn^^ 
(NIT4 )ScF 4, as a microcrystAlliue powder. The first compound is 
only obtained by hydrolysis in the presence of ammonium fluoride; 
in warm or cold water alone the second compound is always 
obtained. 

A small quantity of a crystallijie silver ^mndifluoi-ide was 
obtained by dissolving scandium fluoride in a concentrated soln- 
tion of silver fluoride, W. G. 

Light Reactions of Cerium Dioxide. Carl Rknz {Zeituci 
(in-arri. Chem., 1920, 110, 104 — 106).— Pure cerium dioxide, whidi 
has a pale yellow colour, is unaffected by light, but if mixed wilh 
a small quantity of praseodymia or terbia it becomes li^ht- 
sensitive. Such a mixture, which has a slightly reddish-yellow 
colour, when exT)osed to sunlight becomes bluish-grey, but in thp 
dark its original colour is restored. In the cerite earths, cerium 
is known to have an oxidising influence on praseodymia. and 
apparently in sunlight this influence becomes emphasised. Dis- 
cussing the position of the rare earth metals in the periodic system 
of the elements, the author expresses the view that, in the build- 
ing up of the S5^stcm, these elements are. the counterpart of tlm 
transition members of the radioactive series in the degradation of 
the system. F. H. fl. 

The Rare Earths. X, The Purification and Atomic 
Weight of Samarium. A. W. Owexs, C. W. Balke, and H C 
Kremers (. 7 . A?ner. Chern. Soc., 1920, 42, 515 — 522). — Tk 
samarium material used for these experiments was obtained from 
the Welsbach Mantle Co., and consisted of rare earth residue^ 
from monazite sand after extraction of most of the cerium. The 
cerium remaining was first removed by treatment of the nitrate? 
with bromine. Lanthanum, praseodyminm, and neodymium were 
removed by fractionation of the rare earth magnesium double 
nitrates, first from aqueous solution and then from nitric acid. 
Europium and gadolinium were removed by fractionation of fh? 
rare earth magnesium nitrates with bismuth magnesium uitraie. 
the samarium material used for the atomic weight determination- 
Ireing taken from the middle series of the last fractionations. The 
final purification consisted in the alternate precipitation of fle 
samarium material as hydroxide and oxalate, and five recrystalli^a- 
tions as hydrated chloride. Attempts to determine the atouiK 
weight from the oxide-chloride ratio were abandoned, owing to 
the impossibility of obtaining pure oxide. The ratio hydrated 
chloride>-anhydrous chloride was also found unsatisfactory, becaiw 
of the diificulby of obtaining pure samarium chloride hexahydrate. 
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Finally? the anhydrous chloride-silver ratio was used, by deter* 
iniuing the weight of silver, as nitrate, needed to precipitate the 
whole of the chlorine from a known weight of anhydrous samarium 
chloride, the end-point being determined by means of the nephelo- 
meter. A mean of eighteen determinations gave 150-43 as the 
atomic weight of samarium (Ag, 107-88), the extremes being 
150'40 and 150-49. E. H. R. 

Gadolinium. Methods of Separation of the Terbium and 
ytterbium Earths, R. J. Meyer and Ulrich Muller (Zeitsch. 
aiiorg. Gheni., 1919, 109, 1 — 30). — ^ A number of methods of sepa- 
rating gadolinium from the rare earths occurring in euxenite have 
beeu examined and the efficiency of the separations compared. The 
alkali double sulphate method is only of use for separating a mix- 
ture which contains gadolinium into two parts, one of which contains 
the whole of the gadolinium. The hydrazine double sulphate method 
effects separation in the same way as the alimli double sulphate 
method, but it has the advantage of being more easily controlled. 
Fractional crystallisation of the bromates effects an extremely good 
separation of the terbium earths from the ytterbium earths, but the 
cerium earths cannot be separated from the terbium earths because 
the solubility of gadolinium bromate lies between that of samarium 
and neodymium bromate. Consequently, this method must be used 
along with another to bring about the required separation. The 
fractional crystallisation of the acetates effects a rapid separation 
of gadolinium from samarium and didyminm. The great value of 
this method lies in the fact that it is the complement of the bromate 
method, and an alternation of these with the double nitrate method, 
which fractionates in the opposite direction, brings about a good 
separation. Crystallisation of the formates fractionates in the same 
sense as the bromates, so that a combination of the formate and 
acetate methods is capable of yielding pure terbium earths. Crystal- 
lisation of the double manganese nitrates, whilst very good for the 
separation of the cerium and yttrium earths, is found to be of very 
little use in separating a small amount of cerium earths from a 
large amount of gadolinium. Bismuth double nitrates, however, will 
effect this separation, and by this means a specimen of very pure 
gadolinium oxide was prepared. Crystallisation of the nitrates 
effects a fairly rapid separation of the cerium earths from gado- 
linium, hut towards the end of the fractionation the separation 
becomes incomplete The method is far inferior both in ease of 
manipulation and in efficiency to the acetate method. Gadolinium 
and terbium are easily separated by the fractional precipitation with 
ammonia. 

The following hydrazine rare earth double sulphates have been 
piepared and are described r Lanikamim hydrazine mlphate, 
ha.,(S04)«,(Fr2H5)2SO4.3Tl2O, separates in sparingly soluble, colour- 
less crystals on warming a solution of the mixed sulphates to i'S®. 
heodyjYiium hydrazine mlphnte, Ud.:,(S04)3,(N.2H5)2S04.3H20, is 
formed in reddish-violet crystals, which separate on warming a 

n « 



ii. 318 


ABSTRACTS OR CHEMICAL PAPERS. 


solution of the mixed sulphates. Gadolinium hydrazine mlpha^^ 
Gd2{S04)3,(N2H5)2S04,3Il20, separates in colourless, sparitigiy 
soluble crystals when a solution of the mixed sulphate is boiled for 
a considerable time. Yttrium hydrazine sulphate, 

¥2(804)3, (N2H5)2S04,3H20, 

is prepared by concentrating a solution of the mixed sulphates until 
crystallisation takes place. It is very soluble in water. Scmdimn 
hydrazine sulphate, 809(804) 3,3 (N2n5)2S04, is a very soluble com- 
pound which forms good crystals. 

The solubility of several acetates of the rare earths has been 
determined in water; the following values, in grams per 100 gram; 
of saturated solution at are given 1 lanthanum, 14’47 ; praseo- 
dymium, 2T48; neodymiuiri, 20'76; samariiun, 13‘05; gadoliiiuim 
10*37; and yttrium, 8-28. The best starting materials for the 
preparation of gadolinium compounds are: euxenite, samarskite, 
or the moiiazite residues, but in any case the preparation should 
be commenced with several kilos of inaterial. 

The following method of procedure is recommended for the puri- 
fication of gadolinium compounds: (1) If the rare earth mixtuve 
contains little cerium earths and much yttrium earths the gado- 
linium is separated with the cerium earths in one opera! ion by the 
potassium double sulphate method. (2) If the mixture conl.ain; 
much cerium earths the major portion of these is separated bv tie 
double nitrate method. In either case a fraction very much richer 
in gadolinium is obtained. This is converted into the bromates aud 
the yttrium earths removed by fractionation. Hereby the ytterbium 
earths first pass into the mother liquors, then follow the erbium 
earths, and last of all yttrium. It is essential that the yttrium 
should be removed at this point, for it is scarcely possible to separate 
it at any of the succeeding stages. The main fraction contain; 
samarium, gadolinium, neodymium, terbium, and europium; it is 
converted into acetate and fractionated, the fractionation beiii® 
combined with the fractionation of the double bismuth nitrates. The 
cerium earths are rapidly separated, and a brown mixture of oxides, 
containing gadolinium and terbium, is obtained. These t^vo 
elements are rapidly separated by fractional precipitation with 
ammonia. It is possible, by the above method, to obtain pur? 
gadolinium oxide in a few months. J- F- S. 

Ammonia Derivatives of the Haloids of Bivalent 
Manganese and Iron. Wilhelm Biltz and Gustav F. Huttk 
(Zeitsch. anorg. Chem., 1919, 109, 89 — 110). — The ammonia deriT- 
atives of ferrous and manganous chloride, bromide, and iodide have 
been investigated, some new derivatives have been prepared, and 
the dissociation pressure and curves of the various products ba’fe 
been determined for a number of temperatures. Anhydrous man' 
ganous chloride rapidly absorbs ammonia at the temperature 01 
solid carbon dioxide and alcohol to form the hexa-aiumi^- 
MnC1.2,6NHg, which is a pure white compound. At 76 ’5° the iso* 
thermal falls a little and then remains horizontal until the com- 
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position falls to that of the diamine, where the pressure falls sud- 
denly to the value for this compound. The isothermal for the 

equilibrium MnCl^^^NHg iVi.nCl 2 ,Nll 3 -t- NHg ^ MuCig + ^NB-a 

has been determined at 229“^, and indicates the existence of the 
monammine- ^o other ammmes of manganous chloride exist in 
equilibrium with ammonia in the temperature and pressure range 
examined. The following dissociation pressures {p) and heat of 
dissociation (Q) have been calculated from the experimental results : 
hexammine, 59°, ^^218 mm.; 63°, mm.; 76‘5°, ^^ = 495 

uun.; (mean); diammine, 181°, ^>=65 mm., ^ = 18‘7A'; 

206°, p = mm., ^ = 18'8A; 230°, 407 mm., ^^19TA; mon- 

ammine, 215°, 2 ? = 9 '4 mm., g = 22-lA; 230°, 2? = 28 mm., Q = 
2T75A'; 278°, 2 ^ = 95 mm., ()=22*7Ah Manganous bromide forms 
similar ammines to the chloride; the following values have been 
calculated from the isothermals: hexammine, 107°, p = 305 mm., 
()=14‘26A; diammine, 182°, 2 ? = 13'7 mm., ^=20'2A; 215°, p — 
r)6'4 mm., ^ = 20'4A^; 230°, 23 = 98'0 mm., y = 20'5A. In the case of 
manganous iodide, the hexammine and diammine alone exist; the 
isothermals indicate the non-existence of a monammine; the follow- 
ing values are calculated: hexammine, 154°, 2 ^ = 316 mm., Q = 
16‘2A; diammine, 208°, ^ — IIT mm., ^ = 21'6A'; 215°, 2 ^ = 14'6 
mm., ^ = 21'7A. By similar dissociation experiments ferrous 
chloride is shown to form a monammine in addition to the hexam- 
miue and diammine already known. The following values for the 
ferrous chloride ammines are obtained ; hexammine, 90°, 25 = 270 
mm., (? = 13'65A; diammine, 230°, p— 121 mm., ^ = 20'3A; 277°, 
2i=555 mm., ^ = 20‘7A^j monammine, 214’5°, 2 ? = 5’8 mm., Q — 
tl oK] 277°, 2 ? — 54'4 mm., (? = 23T/i. Ferrous chloride also forms 
a pure white, voluminous compound with six molecules of methyl- 
amine and a grey compound with two molecules of methylamine. 
Ferrous bromide absorbs ammonia rapidly at ordinary temperatures 
to form a white hexammine, which dissociates at elevated tempera- 
tures into a dirty white diammine, and this into a dark grey mou- 
ammine. The following data are calculated from the isotherms : 
hexammine, 107°, p—V2^ mm., ^ = 14'9A’'; diammine, 215°, 29=:ir5 
mm., Q = 21-9A; 230°, 23 = 23-0 mm., (3 = 2T9A; 277°, 23 = 126 mm., 
Q = 22*3A"; monammine, 215°, p — ^'l mm,, Q = 22‘6A; 230°, 
23=9*7 mm., Q = 22*8 A ; 277°, 23 = 61*5 mm., Q — 23*1 A. In the case 
of ferrous iodide a monammine does not exist; the following values 
are obtained for the other two ammines: hexammine, 153°, p~ 
206 mm., Q = 16‘5A; diammine, 215°, 23=6-1 mrn,, ^ = 22’5A ; 231°, 
23=12-1 mm., (^ = 22*6/1 ; and 278°, 23 = 85 '4 mm., <5 = 22-8A. All 
the measurements and calculated values are compared with those of 
Fphraim (A., 1912, ii, 546; 1914, i, 17; 1913, ii, 129) and Girardet 
(A., 1911, ii, 43). J-F. S. 

Non-rusting Iron. Haxns FjscIier [Chem. Zeit., 1920, 44, 
^^2), — A discussion on the ancient pillar of Northern India which, 
after 3000 years, is quite free from rust. A satisfactory explanation 
°f the phenomenon is not yet forthcoming. E. II. R. 
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Cobaltammiaes. Nil Ratan Dhab (Proc. K. Akad. Weiensck 
Amsterdam^ 19ii0, 22, 576 — 579. Compare A., 1913, ii, 319; 19^4 
ii, 57). — Tlie preparation of cobaltaminiues is guided by the law 
of mass action, and thus depends oir the concentration of the react 
ing substances. A nitro-group in a compound may be replaced 
by an amino-group by warming the compound with, a mixture of 
ammonium hydroxide and an ammonium salt, whilst the reverse 
change is brought about when the salt is warmed with a nitrite 
solution. 

The hydrolysis of purpureo cobalt chloride to give aquopem- 
ammiiiecobalt chloride, 

is catalytically accelerated oy the presence of hydroxyl ions. 

The hydroxides of the cob alt am mines may be prepared in solution 
by treating the corresponding haloid with moist silver oxide, but 
purpureo-cobalt chloride under these conditions gives aquepem- 
ammiiiecobalt hydroxide. G. 

The Constitution ol Two Cobaltammines. Paul Jou 
(Compt. rend., 1920, 170, 731 — 734). — Titration of roseo-cobaitu- 
tMiiphate by barium hydroxide, the action being followed by electii 
cal conductivity measurements, shows that the action takes place 
in two stages. The curve has two singular points, the hrst corre- 
sponding with the precipitation of one-third of the sulphuric acin 
and the second with its complete precipitation. These results support 
Werner's view as to the constitution of the roseo-oobalt salts, the 
changes being given by 

j^(SO,),+Ea(OH), = + BaSO, + 2fl,0 

+ 2Ba{OH), = [ + 2BaS0,. 

The author has isolated the intermediate compound, 
Co(NH 3 ) 5 ( 0 H)S 04 , 2 H 20 , 
in a crystalline form. 

In the same way diroseo-cobalt sulphate wheu titrated wid 
. barium hydroxide gives a singular point when twothirds of the 
sulphuric acid is precipitated, and another when the whole of it u 
precipitated. ^ 

Green Double Salts of Chromium Chlorides. Nils Larssos 
[Zeitsch. anorg. Chem., 1920, 110, 153 — 165). — A number of dh‘ 
double salts formed by monochloroaquodiromium chloride, 
[CrCl{HaO) 5 ]C\ 

and dichloroaquochromium chloride, [CrCl2(H20)4jCl, with cblomte 
and sulphates of different bases have been prepared. The oou J 
salts correspond in colour with, the simple chromium compouii s, ? 
dichloro-compounds being light green and the monochloro-co®- 
pounds light bluish-green. The compounds of the former ca- 



INORGANIC CHEMISTRY. 


ii. 321 


are hygroscopic, and, in general, less readily soluble than 
(hose of the latter. In all the compounds described containing 
the sulphate radicle, the whole of this radicle is precipitated by 
jiarium nitrate, and is therefore outside the complex chromium 
ladicle. The following compounds were pre])ared. 

Dauhh Salts with Sul 2 )}iates— (1) Dichlorochromi-compounds : 
:Cra(H,0)4]Cl,2(NH4)2S04,2H,0 ; [CrCU(H,0),],S04,3(NH4)oS04 ; 
[CrClo(H20)4].2S04,(NH4)gR,(S04)4 ; tetramethylammonium "com- 
pound, [CrCL:)(H90)4]S04,(NMe4loS()j,3H„0 ; mcthvl ammonium 
^pounds, [CrClo(H90)4]9S04.3(NH,Me)9S04 ; 

[CrCU(H90)4]9S04,(NiT,Me), 119(804)4; 
fetraethyl ammonium compound, 

[CrCl9(Ho0)4]2S04,(NEt4)2S04 JOH/) 
eihylammonium compound, [CrCL(H,,0)4l980,,(NH,,Et').,S04,6Ho0 ; 
cTuanidine compounds, [GrCh(Ho0)4l.>S04,3(CN.^H,.)oS04 
[CrCU(n90)4l9S04.(CNJi(.,),H9(S04);; 
jiyridine compound, [CrClo(ri20)4],2S04.(r;,XH,;)9S04.4TI.,0. 

' (2) Monochlorochromium compounds: ammonium compounds, 

[CrCl(H20),JCl2,(NH4)2S04.H20, [CrCl(HoO).:;]S04,(NH4)2S04 ; 

rCrCl(n.20)5]SC)4,(NH4)HSOj ; methylammonium compound, 
[CrCl(H.0);^]S04,(NHr;Me)2S04 ; dimethyl ammonium compound. 
rCrCl(H20),-,]S04,(NHoMeo),2S04 ; tetramethylammonium com- 
pound, 2[CrCI(H.,0).- jS04,(Nj\Ie4),2S04 ; ethyl ammonium com- 
pound, 2[CrCl(H.',0)']S04,(NlT.>Et),-,S04,4H.,0 ; hvdroxylamine com- 
pounds, 2[CrCl(H,>01,lCl(SO,)i,(XH,O)9S0“.2H90, and 
[CrCl(H,20),lS04,NH,2-0H,H.2S04 : 
pvridine compound, 2[CrCl(TT.,OV,]SO|,(C.,H,.K) ,80, ; strychnine 
compound. 2rCrCl(H20),lS04,(C2,TT.2.No0.2l2SO','. 

Dmhle, Salts with CTVon//cs.-— Rubidium compound, 

[CrCl,2(H.20),]Cl,2RbCl, 

stable in air, heated at 85°. loses three molecular proportions of 
water and changes into Neuman’s salt, rCrCl-(H.20)]Rb9 ; ammonium 
compound, ['CrCl(H90)5]Cl>.Nn4Cl,T'L,0 : rubidium compound. 
rCrCl(H,20),lCl2,RbCr; cjcsium compound. [CrCI{H.20).^]Cl2,CsCl. 
Xo potassium salt could be ]U'epared, but a very hygroscopic 
hthium salt was obtained. E. H, R. 

Chromi-aquo-triammines . Fk. Froweiv (Zeitsch. anorg. 

1920. 110, 107 — 124). — Conductivity measurements have 
been made on the three (compounds, dichloromonaquotriammin- 
chroitii chloride, [Cr(NHn)2Cl>H.,0]Cl : monochlorodiaquotriammin- 
chromichloride, fCr(NH^);,Cl(H.->0).-,]CL, ; and triaqiiotriamrain- 
cbromichloride, [Cr(NH3)3(n,20).>]CL,, Three isomerides of the 
monoaquo-compound have been described bv Seemann {Inmia. 

1910, p. 27), but, of these, only the chloride I was examined. 
Ihe compounds were prepared bv Seemann’s methods with slight 
ii'odifi cations. The monaquo-compound gradually passes over in 
solution into the diaquo^, and this, in turn, into the triaquo- 
eompound, and on this account it was necessary to make the con- 
ductivity measurements on the freshly prepared solutions. The 
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changes can be followed by the change of colour of the solution 
that of the monoaquo-compound being blue, that of the diaquo 
reddish-violet, and that of the triaquo red. These changes are 
more rapid the more dilute the solutions. The conductivity of tte 
monoaquo-compound is lowest, that of the triaquo-compound 
highest, so that the change is accompanied by a gradual increase 
in conductivity of the solution. Ko direct transformation of tW 
mono- into the tri-aquc^compound occurs, but the diaquo-eoinpoiiii(i 
is always the first hydration product of the monoaquo. It is con- 
cluded from the measurements that the compounds contain no 
water outside the inner sphere, that is, they are purely co-ordinated 
compounds. The solution of the triaquo-compound undergoes 
slow decomposition, the conductivity curve first showing a mad- 
mum, followed by a minimum. Deposition of chromium hvdroxidp 
eventually takes place, but intermediate complex com noun ds ar? 
probably first formed. E. H. h 

Recovery of Ammonium Molybdate from Residues, etc., 
obtained in Estimating Tho«;phoric Acid by Lorenz’s 
Method. IT. Neubaukr and E. Wolfkrts (Zeitsch. anal. Che/m.^ 
1919, 58, 445 — 448'). — The filtrates, precipitates, etc., obtained in 
Lorenz’s method (A., 1901. ii, 278) are partially neutralised with 
ammonia, and the molvbdic acid is precipitated at 80° hv the 
addition of an excess of sodium phosphate; the yellow precipitate 
is collected, dissolved in ammonia, the phosphoric acid precipitated 
by the addition of magnesium nitrate, the precipitate removed, 
and the filtrate concentrated. Ammonium molybdate crystallke? 
out, and is purified bv recrystallisation, first from very dilute 
ammonia solution, and then from water. W. P. 8. 

The TJranyl Radicle as a Chromophore. Arno MClur 
(ZeiUeh. anorg. Chem., 1919, 109, 235 — 274). — The colour of i 
large number of uranyl salts is considered ; the colour is. in 
general, yellow, but the presence of hvdro.xyl or keto-groups, par- 
ticularly in the a- or ortho-positions, displaces the colour strongk 
towards the red. The benzene nucleus also acts strongly in dis 
placing the colour towards the red end of the spectrum, partini- 
larly when the uranyl group is directly connected with phenolic 
oxygen. The author has tabulated the formulce. crystal system- 
melting point, solubility in water, alcohol, and ether, and coloiir 
of fifty-five monocarboxylic, dicarboxylic, hydroxy-carboxylic, 
phepol carboxylic, and poly carboxylic acid salts of the urand 
group. The method of preparation and the properties of fifty 
two uranyl salts, of aromatic and aliphatic acids of various trps 
are described. d- F. S. 

Some Compounds of Zirconium and the Hydrolysis of 
its Salts. Ed, Chauvenet (Ann, Chim., 1920, [ix], 13, 59—86)." 
A resume of work already published (compare A., 1914, i, 321; 
1917, ii, 264, 321, 322, 374, 416; 1918, ii, 234, 269, 321). ^ 

' W. G' 
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Alloys of Gold and Silicon, Clara di Capua {Atti E. Accad, 
lincei, 1920, [v], 29, i, 111— 114) .—Warren (A., 1893, ii, 474) 
and Vigouroux (A., 1896, ii, 600) have shown that gold forms an 
alloy silicon. The author has studied the diagram of state 
of the system gold, of 0'999 purity and silicon containing 4 — 5% 
of impurity, mostly iron, being used. Fusion and cooling of the 
mixtures were carried out in a rapid current of hydrogen. Owing 
to the low thermal conductivity of silicon, the duration of the 
arrests of the cooling was very irregular, and yielded no inform- 
ation. The cooling results show that gold and silicon are miscible 
in all proportions in the liquid condition, that they form no com- 
pounds, and that they are non-miscible in the solid state, at any 
rate within the limits of the experimental accuracy attained. 
Xhe eutectic alloy melts at 370°. With the alloy containing 85% 
of silicon, no retardation corresponding with the solidification of 
the eutectic is observable, but microscapic examination reveals 
crystals of gold scattered throughout the mass; the formation of 
mixed crystals at this concentration is therefore excluded. Almost 
all the alloys rich in silicon exhibit at the surface a golden-yellow 
o-lobule, which is sharply detached from the greyish-blue, metallic 
block, and contains a greater proportion of gold than the mixture 
from which it is formed. A similar globule has been observed 
with silicon-silver alloys (compare Arrivaut, A., 1908, ii, 1035) 
and with silicon-aluminium alloys (compare Fraenkel, A., 1908, 
ii, 592), and its formation is certainly due to the fact that silicon 
solidifies with increase of volume. Hence, during the solidifica- 
tion, the part which solidifies last, namely, the eutectic, is forced 
upwards and forms the globule. 

The melting point of gold is lowered by about 800° by 6 — 7% 
of silicon. 

Microscopic examination of the alloys fully confirms the results 
of the thermal analysis. T. H. P. 

Ammonium Pentahalogenoruthenates , A. Gutbibr {Zeiisch. 
anorg. Che7n., 1919, 109, 187 — 212).^ — Polemical. A criticism of 
statements as to ruthenium and its double chlorides in a paper by 
Mylius and Mazzucchelli (A., 1915, ii, 491), in which it is shown 
that the method of prepai-ation of ammonium pcntachloro- 
ruthenate suggested by these authors is not capable of giving this 
compound. [See also Gutbier and Trenkner, A., 1905, ii, 463.] 

J. F. S. 
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Mineralogical Chemistry. 


Bismutoplagionite, a New Mineral. Earl V. Shankok 
i^Amer, J. Sci.y 1920, [iv], 49, 166 — 168). — A lead-grey, indis- 
tinctly fibrous mineral associated with pyrites, quartz, etc., was 
sent from Wickes. Montana. The streak is dark hrownish-t^rev 
D 5 ‘35, H 2 '8. The mineral is completely soluble in hot con- 
centrated hydrochloric acid, whilst the pyrites is only slitrhtlv 
attacked. In the analysis (I), the sulphur was estimated by dififer 
ence, the iron being assumed to represent pyrites j the insoluble 
portion also consisted mainly of pyrites. Deducting these impuri- 
ties, the recalculated composition II agrees with the formula 
5PbS,4Bi2S3, in v/hich a small amount of the bismuth is replaced 
by antimony. 

PbS. FeS;;, Sb.Hg. Bi.^Sg. Insoluble. AsoSg.CuSjAgoB, Total 
1. 30-21 1-25 .3-37 45-62 18*88 “ traces ^ 99*33 

II. 38*13 4*26 57-61 — — lOOoO 

The ratio PbS : R.-jS.^ being the same as in plagionite, 
(5PbS,4Sb.2S3), 

the mineral is placed in the plagionite group, together with 
liveingite (5PbS,4As.,S3i, rather than with galenobismutite 
(PbS.BhS^). ^ L. J. S. 

Haematite and Rutile formed by the Action of Chlorine at 
High Temperatures. H. E. Merwin and J. C, Hostetter 
{Amer. Min., 1919, 4, 126^ — 127). — In the course of experiments on 
the removal of iron from clay pots by leading chlorine into the 
covered pots, heated in a gas-fired furnace at 1000 — 1100°, when 
they were removed from the furnace directly after the chlorine 
treatment, a deposit of haematite crvstals was found on the outer, 
upper portion of the pot where chlorine and vanorised ferric chloride 
had come into contact with the products of combustion of the 
furnace. The crvstals were in the form of rhomhohedra with 
perfect faces. On the inside of one of the nots v/ere found ervstah 
of rutile in the form of very thin, tvdnned plates. The formation 
of crvstals of bsmaiite and rutile from van ours containing ferric 
chloride or titanium chloride has been nrevionslv recorded. 

E.B.R, 


Calcite from New York State. IT. V. Gardner (Amer. Min.. 
1920, 5, 3 — 5V — Enormous crystals 080 kilos.') of calcite of a dull 
lavender or yiolet colour were obtained from a cave in a limestone 
quarry at Sterlincfbush. Lewis Co , N.T. These have been grouped 
as a cave in the INfew York State Museum at Albany, and by trans- 
mitted lamp light show a deep rose-red to light pink colour. They 
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coutaiw FeO'08, Mn 0*12, Mg 0 09, corresponding with FeCOg 0*17, 
MnCOg 0*25, MgCOg 0‘32. Neodymium, to which the colour is 
attributed (A., 1917, ii, 209), is present in amounts too small for 
analytical recognition. L. J. S. 

Latent Heat of Fusion of Cristobalite. E. W. Washburn 
(7. Cerain. ^oc., 1919, 2, 1007^ — 1008). — The author assumes 
that, in binary systems containing some alumina and a large pro- 
|iortion of silica, the .solute exists in the form of molecules having 
fiinple molecular weights, and calculates the latent heat of fusion 
of cristobalite by means of the law regulating the lowering of the 
fusion point of dilute- solutions, using the formula L^RT-jAt.x, 
ivhere L = the latent heat of fusion, /P=rthe gas constant (2 cal.), 
J'rrthe absolute melting point of cristobalite (1983° abs.) (1610° is 
the melting point of the eutectic for binary mixtures of alumina 
and silica containing 87 per cent, of silica and 13 per cent, of 
alumina), ^ = the lowering of the freezing paint (1710 — 1610°), and 
y=^the molar fraction of the solute. 

Assuming the solute is sillimanite, Al,SiO^, /. -6950 cal. per mol. : 
ou the less probable assumption that the solute is alumina, AhO;.. 
7,- 6360 cal. per mol. Giving greater weight to the former assump- 
tion. the author suggests that the latent heat of fusion of cristobalite 
is 6800 cal. per mol. If the molecules of the solute are associated, 
and so ought to be represented by layer integers in the formulae, the 
heat of fusion obtained bv cal dilation in this manner is too large. 

A. B. S.^ 

Fusion and Transition Phenomena of Spodumene. F. 

l\fEissNER (ZeAtsch. nvortj. Chem.^ 1920, 110, 187 — 195). — The 
transition from a- to yS-spodumene ]iroceeds rapidly when the mineral 
is heated above 1000°. Experiments were made with the object of 
determining whether the transition is reversible. The spodumene 
was first heated for one and a-half hours at 900° to start the change 
into the Aform, and then samples, of varying degrees of fineness, 
were heated for varving periods at temperatures from 800° to 900°, 
the course of change being followed by ^lensity determinations. In 
every case the change into the /3-form proceeded, no evidence of 
reversibilitv being obtained. The transition could be detected by 
optical means, in the case of thin cleavage plates, after heating for 
ihree hours at 720°, that is, 150° lower than the minimum te-mpera- 
ture at which a change of density can be detected. In agreeraejd 
with the work of Ballo and Dittler (A., 1912, ii, 758). no evidence 
of reversibility could be detected by thermal methods. The so-called 
'•form of spodumene, which crystallises from the molten material, 
lias been examined and compared with the ^-form. In all proba- 
bility the two forms are identical. The refractive indices are not 
iippreciablv different, and the difference between the melting points 
observed by the above authors (1380° for the jS-form and 1290° for 
the Y'form) is probably due to the low fusion and crystallisation 
velocity of tdie substance. E. H. K-. 
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Echellite, A New Mineral. N. L, Bowen {Amer. Mzn,, 1920 
5, 1 — 3). — This occurs as small, white, spheroidal masses of radiatinJ 
fibres in a basic igneous rock at the Sextant portage, Abitibi river 
northern Ontario. The optical characters point to orthorhombic 
symmetry; a = 1*530, i0 = 1*533, y — T545; positive. It is easily 
decomposed by hydrochloric acid. Analysis : 

SiOg. Al.jOa. CaO. BaO. Na,0. K^O. H^O. Total. 

34-6 40-0 7-2 nil 4-1 trace 14-4 1002 

givCvS the formula (Ca,Na^)0,2Al20^,3Si0;,,4H.20. The name echtll 
ife (from French, hJicllc, ladder) alludes to the stepped ratio« 
1, 2, 3, 4. in this formula. The ratio CaO : Na^O — 2 : 1. The mineral 
shows certain resemblances to the zeolites, but in the latter the ratio 
AI2O3 : (Ca,Na^)0 is nearly always 1:1. The formula is written in 
the form (Ca,Na.2)Al(0H)..AL(Si04)3,3Ho0 to show a relation to 
zoisite. L. J. S, 

Zebedassite, a New Hydrated Silicate of Aluminium and 
Magnesium from Zebedassi in the Pavian Apennines. 

Amat.ia Brttsoni (^Rend. R. JhI. Lomhnrdo Sck J^ett.y 1917. [ii], 50 
646—650; Riv. ^fin. Crhi. Ital, 1918, 50, 74— 79).— The mineu] 
fills fissures in an altered rock found as loose blocks on a hill of 
serpentine at Zebedassi. near Volpedo. The rock (partial anal. Ii 
has probably been derived from granite or gneiss. The new mineral 
forms white, fibrous aggregates with silky lustre. The fibres have 
straight optical extinction, and are probably orthorhombic: 

= 1*51— 1*53, D 2' 194. TT 2. The mineral is easily soluble in acid> 
with separation of gelatinous silica. Some water is lost over sul- 
phuric acid, and between 105° and about 200° the loss is 2*40'’l, 
Analysis TT of material dried at 105° : 


SiO.,.' 

AbO,. 

FejO,. 

CaO, 

MgO. 

H^O 

(over 105"). 

Total. 

T. 47-66 

9R0 

8-09 

0-82 

23-58 

901 

— 

IT. .50-27 

12-tO 

— 

— 

26-98 

10-49 

100-64 


In the earlier publication i.he formula is given as 
9H20,2Ak05,llMg0,13Si02, 
but in the later it is written more simplv as 
4n20,Ab0;^,5Mg0,6Si0. 

or Il 5 Al,-,Mgr,(SiOt)f;. The mineral is near neolite. L. J. S. 
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Analytical Cheiaistry. 


^jjalytical Weighing. Horace L. Wells (/. Anu^r. CJmti. Soc., 
42> — 419). — The author advocates the use of the short 

s^ing method of weighing in place of the more tedious long swing 
j^^ethod so often advocated in text-books. E. H. R. 

A Nephelo meter. Charles Chexkveau and Rene Audubert 
{Conipt. rend,, 1920, 170, 728 — 731). — The construction of the 

nephelometer is bs^sed on the forinula 7/7^=^ 1 ~ where 1 

and 7 are the intensity of the transmitted and incident light respec- 
tively and M the total mass of the particles in suspension in the 
medium. The absorption of the medium is compensated by a prism 
of very slight angle, of neutral tinted glass. It is shown that the 
displacement, x, of this prism for the compensation is a linear 
function of J/, and consequently the value of M may be read off 
directly on a scale. [See, further, 7. Hoc, (hem. Ind., 1920, 350a.] 


Machine for Washing 'Precipitates , Eric Sinkinson (Analyst, 
1920 45, 94- — 97). — The funnel containing the filter and precipi- 
tate to be washed is supported in a ring at one end of a counter- 
poised rocking arm ; the latter is connected with a commutator to 
reverse a motor actuating the valve on the water supply. When 
the motor is started, the valve is opened and water is admitted 
throiit^h a rotating jet on to the precipitate. As soon as a certain 
weight of water has collected in the funnel, the rocking arm is 
depressed, the motor is reversed, and the valve closed. As soon as a 
sufficient quantity of water has ])assed from the funnel, the rocking 
arm rises, the motor is thus again reversed, and water admitted to 
the funnel, and so on, ^ 


New, Simple and Rapid Process for Collecting and 
Characterising the Films Produced by Metalloids and 
Metals capable of being Volatilised by Heat. Ad. Braly 
(CQ 7 fipt, rend., 1920, 170, 661— 663).— A simple portable appara- 
tus is described for use in the field by prospectors in the examina. 
tion of minerals. It consists essentially of two plates of mica, suit- 
ably mounted, on one of which the mineral is heated in the blowpipe 
flame, the second being so adjusted as to condense and collect the 
resulting volatile vapours. To the him thus obtained the usi^l 
tests, for characterising the metals present, may be applied. By 
suitably regulating the flame temperature it is possible to obtain 
successive films from the different metals or metalloids present in 
the mineral. 


The Titration ol Mixed Acids by Conductivity Methods. 

I- M. Kolthoff (Eec, trav. chirn., 1920 , 39, 280 302 ). For e 
most part, the results confirm the work of Meerburg (compare A., 
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1919, ii, 518). It is not possible to estimate lactic acid in gastno 
juice by the conductivity method, although the total acidity of the 
juice may be readily determined by this method. 

The method is suitable for estimating, with a very fair degree 
of accuracy, either small amounts of weak adds, such as acetic 
acid, mixed with larger amounts of strong acids, such as hydro- 
chloric acid, or vice versa, and may be applied, therefore, to the 
estimation of mineral acids in vinegar. Weak bases may similarly 
be estimated in the presence of strong bases by the conductivitv 
titration method. W, G, 

A Simple, Rapid Method for the Estimation of Halogen 
in Organic Substances. W. A. Van Wtnklr and G. McP. 
Smith (/. Avier. Chem. 1920, 42, 333 — 347). — A simple and 
accurate combustion method has been developed for the estim- 
ation of chlorine, bromine, or iodine in readily volatile organic 
compounds. The weighed material is volatilised with air from a 
specially designed sample holder, and is passed through a quartz 
tube heated for a length of about 25 cm. at 900 — 1000°. The 
products of combustion pass to an absorption apparatus containing 
an absorbing solution, prepared by mixing 25 c.c. of SWsodiimi 
hydroxide solution with 10 c.c. of 2 V-sadium sulphite solution. 
The sulphite serves to reduce any oxy-halogen salts formed. Tlie 
time taken for the combustion is from one to two hours. The 
excess of sulphite in the absorbing solution is then oxidised with 
potassium permanganate, and the halogen estimated by the 
Volhard process. The method was used for the analysis of ethyl 
bromide, ethyl iodide, ethylene chloride, bromobenzene, ally] 
bromide, chloroform, chloropicrin, and a number of other com- 
pounds, and gave results equal or superior to those given by the 
Carius method. With a sliyht modification of the apparatus, 
equally good results w’ere obtained for less volatile substances, such 
as hexachlorobenzene, ???-('hlnronitrobcnzene, and /;-bromoaniline. 

K. H. R. 

Detection of Chloride in the Presence of Bromide. Grl 

F.\URnoLT (TT. Danube Videniib. Me.dd. Math. Phys., 1919. 2, 
9^ 1— IG ; from Chem. Zenfr., 1920. ii. 424).— Hager’s method, 
which depends on the separation of the silver haloids from one 
another by taking advantage of their differing solubilities in 
ammonia and ammonium sesquicarbonate solution, is modified hy 
the substitution of very dilute ammonia to which a little silver 
nitrate is added, in order to depress the solubility of silver bromide 
without sensibly altering that of silver chloride. Potassium nitrate 
is also added to prevent, the possibility of the formation of colloidal 
solutions (0'2<5 mol. NH,-r0'01 mol. AgNO3-(-0*25 mol. KNO 3 or 
0-50 mob NH,An-05 mol, AgNOo.i-n-25 mob KNO;, per litre). 

H. W. 

Chlorides in Water Analysis. E. Malme.tac {J, Pham. Chint.. 
1920, [vii], 21, 263 — 268). — Results of analyses of various walei"* 
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are recorded, and attention is directed to the fact that the quantity 
of chlorine present affords a useful indication of the presence or 
absence of animal-polluting substances, especially when the normal 
chlorine content of the water is known. ' W. P. S. 

Estimation of Chlorides in Whole Blood. J. Harold 
Austin and Donald D. Van Slyke (/. Bioh Chem.y 1920, 41, 
345 — 348).— The protein is precipitated from the blood by picric 
acid, or by a mixture of picric and nitric acids. The protein-free 
filtrate is then treated with silver nitrate, a quantitative precipita- 
tion of the total chlorides being obtained. The final titration 
mav be carried out by the Van Slyke-Doiileavy process (A., 1919, 
li, 239). J. C. D. 

The Estimation and Kinetics of Hypoiodous Acid in Acid 
Solution. Victor Cofman {Bull Soc. ckim., 1920, [iv], 27, 
234—2 3 9). — Hypoiodous acid reacts almost instantaneously with 
phenolic compounds, giving stable iodo-compounds (compare T., 
1919, 115, 1040), and on this is based the method for estimating 
this acid in the presence of free iodine or other iodine compounds. 
To a known, suitable volume of the liquid under examination, 
potassium iodide is added, and, after acidifying, if necessary, the 
free iodine is titrated with standard thiosulphate. This operation 
is then repeated, but an excess of phenol is added before the 
potassium iodide. The difference in the amount of iodine found 
by these two titrations is a measure of the amount of hypoiodous 
acid present. An examination of the reversible action 21.,+ 
HI 03 -)- 2 H 20 ^ 5HIO shows that the velocity of formation of 
hypoiodous acid is that of a bimolecular reaction. Similarly, 
measurements of the velocity of decomposition of the acid show 
that this change is also bimolecular. W. Gr. 

Gravimetric Analysis. XII. Estimation of Sulphuric 
Acid. II. L. W. Winkler {Zeitsch. angew. 1920, 33, 

59 — 60).— Investigation of the precipitation of sulphuric acid as 
barium sulphate showed that when the acidity of the solution was 
reduced to yV/lOO by the addition of potassium carbonate or 
ammonia, the solution then boiled, treated with barium chloride 
solution, and the precipitate collected after eighteen hours, the 
weight of the precipitate, dried at 130° (about 0‘3 gram), required 
to be multiplied by 1*0045 to obtain the correct weight. If the 
precipitate was ignited before being w^eighed, the factor was 
1*0099. It was proved that the barium sulphate dried at 130° 
lost a small quantity of sulphuric acid when ignited. If sodium 
carbonate was used for the neutralisation of the sulphuric acid, the 
results obtained were not concordant. W. P. S. 

The Kjeldahl Method for the Estimation of Nitrogen. 

I. K. Phelps and H. W. Daudt (/. Assoc, Off, Agric. Chem., 
1919, 3, 218— 220).— By using 0*7 gram of mercuric oxide, 
10 grams of potassium sulphate and 25 c.c. of sulphuric acid, with 



ii. 330 


ABSTRACTS OF CHEMICAL PAPERS. 


from 0‘2 to 0-4 gram of substance, it was found that tb© Kjeldahl 
method was trustworthy for the estimation of nitrogen in the 
following compounds: glucosamine hydrochloride, isatin, atropine 
cocaine, nicotinic acid, alkaloids, including caSeine, quinox aline 
hydrochloride, 2-methyl-4-quinazolone, and S-phenyl-^-methvld. 
quinazolone. The hydrolysis required 2'5 hours. W. P. g 

Use of Potassium Permanganate in Estimating Nitrogen 
by the Kjeldahl Method. William Frkar, Walter Thomas;. 
and H. D. Edmiston (/. T,9.«:oc. Off, Agric. Chem.j 1919, 3. 
220 — 224). — In estimating nitrogen in a number of different 
fertilisers, there was a considerable loss of nitrogen when perman- 
ganate was added at the end of the acid digestion period; the 
extent of the loss depended on the amount of permanganate added, 
and more particularly on the time at which the addition wa^ 
made. If the addition was delayed for two minutes after thp 
burner had been removed, there was no loss of nitrogen. 

W. P. 8. 

A Modification of the Apparatus for the Estimation 
Arginine Nitrogen by Van Slyke’s Method. George E. Holm 
(J . Amer. Chem. Soc., 1920, 42, 611 — 612). — niodifieii 
apparatus for the Van Slyke e.stimation of arginine consists of a 
Kjeldahl flask fitted Yvdth a cork, which carries a tap funnel tor 
the addition of water at the end of the potassium hydroxide dige>- 
tion, and the elongated, water-jacketed tube of a Kjeldahl still- 
head. This arrangement obviates loss of material by bumping, or 
of ammonia in the transference from one vessel to another, in the 
ordinary procedure. J. K. 

Distillation of Ammonia. B. S. Davisson (J, Lid. Eni. 
Chem., 1920, 12, 176 — 177).— For the distillation of ammonia iu 
the estimation of nitric nitrogen (A., 1919, ii, 242), the most trust- 
worthy results are obtained by the use of a condenser of block 
tin and the scrubber previously described (A., 1919, ii, 296). In 
using this apparatus with the ordinary Kjeldahl process, the 
following method of distillation removes the last traces of ammonia 
from the condenser without unduly increasing the volume of liquid 
in the receiving flask, which leads to hydrolysis of the indicator 
salt. The solution is slowly distilled for twenty minutes, so as to 
collect about 80 c.c. of distillate, the condenser then drained, ani 
the distillation continued for another fifteen minutes. Tif 
receiver is then covered to prevent absorption of carbon dioxide^ 
and the distillate cooled and titrated, C. A, H. 

Volumetric Estimation of Ammonia in Blood. P. Gerakp 
{Com'pt. rend. Soc. Biol., 1919, 1186; from J, Pharm. ChiD\-> 
1920, [vii], 21, 236— 237).— Ten c.c. of the blood are collected in 
potassium oxalate solution in a test-tube 22 cm. in depth, 10 c.c. 
of 29 % sodium carbonate solution and 2 c.c. of octyl alcohol are 
added (the alcohol prevents excessive frothing), and air is aspirated 
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through the mixture at the rate of 3 iitres a minute for about 
ggveuty minutes. The test-tube is connected with an absorption 
vessel containing a definite quantity of J /lOO-sulphuric acid, 
which absorbs the ammonia, and the excess of acid is titrated 
jubsequently with sodium hydroxide solution, using methyl-orange 
as indicator. W. P. S. 

Estimation of the Nitro-group in Aromatic Organic 
Compounds. T. Callan, J. A. Kussell Henderson, and N, 
Strafford (/. Soc. Chem. Ind., 1920, 39, 86 — 88t). — Although 
the nitro-group in many organic compounds may he estimated by 
reduction with titanium trichloride solution, the excess of the 
latter being titrated subsequently, in the case of a-nitro- 
Daphthalene, o-nitroanisole, nitrotolyl methyl ether, and similarly 
constituted compounds, the results obtained are much too low, 
owing to the formation of chlorinated amines. If titanous 
sulphate is used in place of titanium trichloride, chlorination does 
not occur, and the results obtained are trustworthy. Methods 
involving the use of stannous chloride also possess the disadvantage 
that, in certain cases, chlorinated coini^ounds are formed. A 
method depending on the reduction of the nitro group with zinc 
and hydrochloric acid, and titration of the amine with sodium 
nitrite solution, yielded trustworthy results with such compounds 
as chloronitrobeiizene^o-sul phonic acid, nitroanisole, p-iiitrotolueue- 
^nlphonic acid, etc. W. P. S. 

The Acidimetric Estimation of Boric Acid. J. A. M. van 

Liempt {Rec. trav. chwi., 1920, 39, 358 — 370). — Boric acid may 
be estimated electrometrically by measuring the hydrogen -ion con- 
centration of the solution after successive additions of standard 
alkali, providing a suitable excess of either mannitol, glycerol, or 
isevulose is previously added. The volume of alkali added is 
plotted against the values of 77^, and the curve shows a very 
marked inflexion at the neutralisation point if sufficient of the 
polyhydric alcohol has been added. W. G. 

Estimation of Available Oxygen in Sodium Perborate 
and in Perborate Soap Powders. H. Trickett (Analyst, 1920. 
45, 88 — 91). — Titration of the perborate with permanganate solu- 
tion is not very trustworthy ; the best results are obtained by add- 
ing a slight excess of the perborate solution to a definite quantity 
of A/ 10-permanganate solution acidified with sulphuric acid, and 
then titrating the excess with permanganate solution. The 
temperature of the solution should be about 15*^, and the acidity 
of sulphuric acid, calculated on the total volume. The gaso- 
inetric method for the estimation of perborate by means of per- 
inanganate is untrustworthy. A gasometric method depending 
on the decomposition of the perborate with hypochlorite is 
described. The perborate solution is treated in a nitrometer with 
sodium hypochlorite solution, and the volume of oxygen measured 
after the mixture has been shaken for five minutes. This method 
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may be applied directly to perborate soap powders, and the result; 
obtained agree with those yielded by the usual iodometric method 

W. P. S. 

Estimation of Carbon. L. Lescceur {J. Pharm. 19o(i 
[vii], 21, 257 — 263).— The organic substance is mixed in a covere-i 
silver crucible with a mixture consisting of equal weights of sodium 
nitrate and potassium nitrate, sodium hydroxide solution (bee 
from carbonate) is added, the whole is dried, and then fused, 
Alter cooling, the mass is dissolved in water, ammoninm chlonde 
and calcium chloride are added, and the resulting calcium 
carbonate is collected, washed, and titrated with A"/l-hydrochlorie 
acid, using methyl -orange as indicator. [See, further, J. Soc 
(Jhem. Ind., 1920, May.] W. P. 

Rapid Method for the Estimation of Carbon in Organic 
Mixtures, particularly in Urine. L. Lescceur and 0. Dutrieus 
{Compt. rend. Soc. Biol., 1919, 82, 1417 — 1418; from Ohm. 
Zentr.y 1920, if, 427). — The specimen, containing 100 — 200 iLg. oi 
carbon, is heated in a suitable vessel, preferably a silver cruciblt 
provided with a lid and exit tube, with an excess of sodium hydv 
oxide (about 50 c.c. of a A-solutiou), and 10 grams of a mLxtun 
of equal amounts of potassium and sodium nitrates until vapour 
are no longer evolved, and finally to redness for a short time. The 
product is dissolved in hot water, and the alkali carbonate formei' 
is estimated titriraetricaliy. H. M. 

Combustion by the Sulphochromic Mixture oi Organic 
Compounds containing Chlorine. J. Guyot and L. J. >Simon 
(Cortipt. rend,, 1920, 170, 734 — 736).— The method of oxidation 
of methyl esters by a mixture of sulphuric and chromic acid? 
(compare this vol., i, 284) has been extended to chloro-compmmo; 
’vith success. It is necessary to interpose between the reaction 
vessel and the gas burette, where the carbon dioxide is measured, 
an amalgamated spiral of copper to retain the chlorine. In 
addition, in some cases there is a tendency to form carbouyi 
chloride, but this can be overcome by using an excess of chroiii;'; 
acid. 

Theoretical results were obtained with methyl chlorosulphonaie 
and chloroformate, but in the case of the ethyl esters, the ethyl 
group did not readily undergo oxidation. It is of interest to iioif 
that, whereas acetic add did not undergo oxidation by this method 
{loc. cit.), its chloro-derivatives are completely oxidised. Thh 
difference is confirmed by a comparison of the behaviour oi 
hydrocarbons and their chloro-derivatives towards this oxidisiK 
agent. 

Estimation of Mineral Constituents in Organic Suh- 
stances, especially those containing Phosphorus. -T; 

Ghossfeld (Chem. Zeit., 1920, 44, 285 — 286). — The addition oi 
magnesium acetate solution is recommended; after the mixturf 
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had been c^ried, it is readily ignited, and the ash is free from 
iiiibumt carbon. Allowance must be made for the amount of 
nia^^nesium oxide added as acetate. W. P. S. 

Explosion during the Separation of Potassium by the 
perchlorate Method. A. P. Joseph and F. J. IMartin (/. Soc. 
Hi (in. Ind.^ 1920, 39, 94 t). — T o estimate sodium in a plant ash, 
{he potassium was separated by precipitation as perchlorate, the 
titrate and alcoholic washings (containing the sodium and excess 
{)f perchloric acid) were evaporated, and the sodium estimated as 
sulphate. On one occasion, when the alcoholic solution had been 
pvaporated to a volume of a few c.c,. violent explosion occurred. 
Po.'sibly, some non-volatile substance derived from the alcohol 
reacted with the concentrated perchloric acid. W. P. S, 

Estimation of Magnesium in Blood. W. Drxis (/. Biol. 
i'hdiL, 1920, 41, 363—365).^ — The citrated plasma, serum, or 
whole blood is precipitated by three volumes of 6*5% trichloroacetic 
acid solution. The filtrate is used fo>' the estimation of calcium, 
which is precipitated as oxalate by F.yinan’s method (A.. 1917. 
ii. 271). The filtrate from the calcium is evaporated to dryness 
in a platinum dish with a small volume of sulphuric acid and 
ignited over a free flame for two or three minutes. The cooled 
residue is dissolved in a small volume of distilled water, and the 
uia^iiesinm is precipitated as aimnoiiinm magnesium phosphate. 
.•\u indirect estimation of the magnesium in this precipitate is 
then made by an estimatio]T of the ]3hospliate present by the 
ucpheiometric method with the strvehnine molybdate reagent. 

J/C. D. 


Estimation of Mercury by Gluckmann’s Method and 
Modifications of the same. Artht-r Arei.manx {Zeifsch. anal, 
f'hem,. 1919, 58, 443— 44o). — The nietlind (compare Peters, A., 
1900, ii, .576) is liable to give untrustworthy results, owing to the 
solubility of mercury oxalate and the formation of basic salts, but 
this may be prevented by the addition of 2 -3 c.c. of 5A-nitric 
acid to the mercury solution, using a large excess of oxalic acid 
for the precipitation, and introducing 50 c.c. of saturated 
potassium nitrate solution before the excess of oxalic acid is 
titrated \vith permanganate. W. P. S. 


Estimation of Mercury in Organic Compounds. A. APorer 

iZtititc]}. anr/eir. Chem.. 1920, 33, 63 — 64). — The organic matter 
i-' destroyed by heating O’o gram of the substance with 5 c.c. of 
^ulplniric acid in a flask fitted with a tapped funnel and a delivery 
tube connected with a Peligot tube cooled externally with water ; 
1 C.C. of concentrated hydrogen peroxide solution is added, drop 
by drop, through the funnel, and the heating is continued until 
sulphur trioxide fumes appear in the Peligot tube and a clear 
elution is obtained in the flask. The contents of the latter are 
^ben cooled, diluted, 1 gram of sodium chloride is added, the mix- 
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ture neutralised with sodium hydroxide, and, together 
rinsings from the Peligot tube, diluted tolOOc.c. The niercur 
is estimated in this solution by the iodometric method described h 
Rupp (A., 1908, ii, 1073). W, p, g. ' 

Detection ol Manganese and Zinc in the Presence o 
Phosphates or Oxalates. H. Wester {B^r, Bent. Pkarm. Gei 
1920, 30, 142—145; Pharm. Weekhlad, 1920, 51, 381—385).^’ 
In the presence of phosphates, manganese is precipitated as ptos- 
phate when its solution is treated with ammonia or ammouiuin 
sulphide; the precipitate does not dissolve in an excess of tie 
reagents, and ammonium chloride does not prevent the precipita- 
tion. When oxalates, hut not phosphates, are present, the iiiaTi. 
ganese remains in solution when treated with ammonia, etc. Zinc 
is not precipitated by an excess of ammonia and ammoniiiin 
chloride, even in the presence of oxalates and phosphates. 

W. P. S. 

Gravimetric Estimation of Manganese in Iron Ores and 
in the so-called Manganese Ores. Ballot {Bull. Sd. 
Pharmacol., 1919. 26, 514 — '51G ; from Chtin. Zentr., 1920, ii, 425) 
— The ore (0-25 gram, or 0*5 — 1 gram in the case of low man- 
ganese content) is fused with sodium peroxide in a nickel criidtle. 
The cold, fused mass is dissolved in warm water (250 c.c.), and 
any manganate or permanganate is reduced by cautious addition 
of 95% alcohol. The filtered oxides of iron and manganese ar? 
dissolved by warming in a mixture of hydrochloric acid (10 c.c.). 
nitric acid (10 a.c.). and water (20 c.c.); the solution is treated 
with ammonia, diluted to 200 c.c., and heated to boiling. It h 
then treated with a suspension of barium carbonate in small 
quantities at a time until the supernatant liquor is no lonofi 
yellow. The precipitate is allowed to subside, and is then filtercb 
Excess of barium i.s removed from the com bin ed filtrate and wash 
ings by means of ammonium sulphate, and the cold filtrate (whicli 
is diluted to ,500—700 c.g.) is treated drop by drop with hrorainf 
until distinctlv yellow in colour; ammonia is added in excess, and 
the mixture is heated to boiling. The precipitated manganese 
oxide is ignited and weighed as Mn 304 . H. W, 

Volumetric Estimation of Manganese. Paul NreoLARror 
Antoine Reglade, and Max Geloso (Cornpt. rend., 1920, 170, 
808 — 8101.— In using Knorre’s method for the volumetric estim- 
ation of manganese, the manganese being precipitated ly 
ammonium persulphate as the dioxide, and this precipitate redis- 
solved in an excess of some reducing solution, which in its turn is 
titrated with standard permanganate, the theoretical factor for 
the calculation is 1 gram of iron — 0*4917 gram of manganese, h 
practice, it is found that this factor varies, owing to slight van- 
ation in the composition of the manganese dioxide precipitate. 
These variations are shown to be due to the presence of iron, tli? 
factor being 0’498 in the absence of iron and 0*4929 in the presence 
of 40% of iron. The acidity of the solution in which the 
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. occurs also has some influence, as when there is aboye 

of sulnhuric acid the precipitation of the manganese is 

ncomp^ete. 

Xjie Gravimetric Estimation of Molybdenum as Sulphide. 

|.V STEaBA.-B 0 HM and Jaroslav Vostkebal {Zeitsvh. anorg. 
"iem 19‘^0, 110, 81 — 103). — The difficulties attending the estim- 
ition of molybdenum as sulphide can be avoided if the pre- 
•ipitation is carried out in presence of formic acid and certain 
wecautions are taken. In presence of mineral acids, or even 
^(.etic or oxalic acid, precipitation is incomplete, on account of the 
formation of colloidal solutions. The molybdenum must all be 
present as molybdate, and any trace of reduced molyhdennm must 
be first oxidised by means of nitric acid. The following procedure 
j, recommended for carrying out a determination. A quantity of 
eolation is taken containing from O'l to O'S gram of molybdenum 
trioxide, and is diluted with water to !h)0— 300 c.c. Sufficient 
formic acid is then added to give a 5% solution of free acid. _ If 
kss than this quantitv of formic acid is used, colloidal solutions 
of molybdenum sulphide are liable to be formed, but more acid is 
not dkrimental. If only ?mall quantities of electrolytes are 
present in solution, it is advisable to add a small quantity of pure 
potassium chloride, up to OToT,, calculated on the total volume of 
the solution. Directly the formic acid has been added, a rapid 
stream of hydrogen sulphide, free from acid, is passed through 
the solution,'' for the first half hour in the cold and then for one 
lo one and a-half hours at 40—50°. Alternative! v. the hydrogen 
sulphide may he passed for two hours into an alkaline solution of 
the molybdate (alkaline with ammonia or potassium hydroxide), 
the formic acid then added, and the solution heated for one hour 
on the water-bath. The precipiiated molybdenum sulphide is 
ivashed bv decantation, filtered on a Cooch crucible, and driexl in 
a current of carbon dioxide, first at 100°. then at 250°. It is 
then cooled in the current of ?as and weighed, since it is hygro- 
scopic, in a. weighing bottle. The product obtained when these con- 
clitions are observed is showm to have the exact composition l\ToS 3 . 

The sulphide prepared as above has a brownish -black to choco- 
late colour. Heated in air at 126°, it oxidises considerably, and 
in a current of oxygen, oxidation takes idace at a lower tempera- 
ture with incandescence, hut complete oxidation to MoO_.^ is only 
brought about with difficulty. The freshly precipitated sulphide 
can he digested with cold concentrated formic acid for twenty-four 
hours without anv appreciable nuantitv of molybdenum passing 
into solution. The most delicate test t^or traces of molvhdenum 
is shown to he the stannous chloriclc-thiocyanate-cther test, hv 
means of which 1 part of molybdenum in 625.000 part= of water 
c?.n readily be detected. 

[Reactions of OsmiiiTn Tetroxidel . C. A. Mitchepp {Analyst, 
1920. 45. 125— 127).— It was shovm by Schluttig and Neumann 
ink F^uengallmtinten, 1890. 16) that to produce a permanent 
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coloration with iron salts (that is, an ink) a substance must contaii} 
three hydroxyl groups in juxtaposition. The same rule applies to 
the colour reactions of osmium tetroxide, which yields an ink witk 
gallotannic and gallic adds and with pyrogallol, but not 
phenol or quinol. In very dilute solution cmmic pyrogallate is at 
first violet, but almost immediately becomes greenish-blue, and 
applied to paper gives a deep violet-black coloration. The reacfion 
affords a sensitive test for osmium tetroxide, the distinctive Hue 
coloration being obtained on adding a trace of solid pyrogallol to 
a solution containing a few drops of 1% osmium tetroxide solution 
The vapour from, boiling “ osmic acid ’’ solution will develop recent 
finger prints on paper, and conversely a slightly greasy finger print 
affords a test for osmium tetroxide, traces of organic substances 
left by the finger giving permanent grey to black colorations owiiu' 
to the reduction of the osmium tetroxide to osmium. C. A, M. 

Estimation of Trimethylene Glycol in Distilled Glycerol 
(Dynamite Glycerin) and in “First Runnings." C. A 

Rojahn (Zf7tffch. anal. CJ/eni., 1919, 58, 433 — 442V — The quantity 
of trimethylene glycol present may be calculated from the water 
content and specific gravity of the sample. The water is estimatcfl 
by drying 2 grams of the sample on asbestos under reduced pressure 
over pbospboric ovide. Tables and graphs are given, and reference 
to these gives the percentage of trimethylene glvcol directly. [See. 
further, J. Sor. Chrw. ImJ., 1920, 314-y1 ^ W. P. S. ' 

The Use of Aromatic Snlphochloroamldes as Reagents, 

Albert Berthelot and M. IMtchel (BvlL Bci. Vharma«'ol., 191? 
26 , 401 — 407; from Chr.w. Zenfr., 1920, ii, 425 — 426). — Neutral or 
alkaline solutions of sodium p-tolnenedisulphochloroamidp (clilor- 
amine-T) yield characteristic colorations, particularly with polr 
hy^droxv-phenols and other substances of phenolic nature which, to 
a certain extent, depend on the concentration of the solutions. He 
quantity of reagents, the nature of the solvent, and the tempera- 
ture, and, under definite conditions, are suitable for the character- 
isation of the individual substances. AVben. for example, 1 c.c. of a 
cold saturated solution of chloramine-T (about' 15%) is treated witli 
4 c.c. of a 10% solution of the dihydroxvbenzenes, a green coloratioc 
which becomes yellow is observed with resorcinol, whilst cateclio] 
gives an amethyst and quinol a currant-red coloration, wkidi 
rapidly becomes brown : the effects are still noticeable at dihitior? 
1 : 10,000, 1 : 50,000, and 1:1000 respecHvely. a-Naplithol solution 
(1%, 4 c.c.') gives a violet shade in the cold, whilst B-naphtlml gi'y 
no coloration in the cold, but an immediate brownish-red colour in 
boiling solution; the extreme dilutions are 1 : 50,000 and 1 :100.00<|. 
^^imilar but less characteristic effects are produced by ^sulphodi* 
chloroaminobenzoic acid (halazonc'i in sodium carbonate solution 
and by ^t oluenesulphodi chi or o amide (dichloramine-T) in dichloro- 
ethylene, which may be useful for the identification of substance? 
insoluble in water. H. "W- 
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Detection and Characterisation of Dextrose in Piants 
jjy a New Biochemical Method. Em, Boukquelot and M. 
BbiPEL [Compt. rmd.f 1920, 170, 631 — 63,3). — It Jbas previously 
been shown (compare A., 1913, i, 542) that 32-6% of the dextrose 
iii solution in 7U% methyl alcohol is converted by emulsin into 
^-methyl glncoside. It is now shown that this change occurs in the 
presence of other sugars, such as mannose, l^evulose, or arabinose, 
arid the glucoside can be isolated in a crystalline form from the 
solution. This method can be used for the detection and estimation 
of dextrose in plants as follows. The dry plant material is 
estracted with boiling 80% alcohol, and the extract is evaporated 
10 dryness. The residue is extracted with boiling ethyl acetate to 
remove resinous matters, and the residue is dissolved in a little 
water, and this solution is evaporated to dryness under reduced 
pressure. This final residue is dissolved in 70% methyl alcohol, and 
after the reducing power and rotation of the solution have been 
measured, emulsin is added and the liquid is left until no further 
change in the rotation occurs. The reducing power and rotation 
are again determined, and from these changes the amount of dex- 
trose present in the original plant material can be calculated, allow- 
ing for 82'6% of it having been converted into 3-niethyl -glucoside. 
If required, the glucoside may he isolated from the methybalcoholic 
solution. \V. G. 

A System o{ Blood Analysis. Supplement I. A Simpli- 
fied and Improved Method for the Estimation of Sugar. 

Otto FonrN and Hsien Wu (7. S'ioL Chem., 1920, 41, 367—374), 
—111 the method previously described (A., 1919, ii, 308) an error 
due to phenols is present. The authors now describe the prepara- 
fion of a modified reagent, which gives no colour with phenols, but 
reacts with cuprous copper in acid sola lion. The criticisms which 
have been levelled at these methods on the grounds of reoxidation 
are discussed, and a special type of sugar tube is described, use of 
which prevents this source of error. The method is now considered 
lo he without' flaw. J. C. D. 

Double Polarisation Methods for the Estimation of 
Sucrose, and a Suggested New Method. Geo. W. Rolfe and 
L. F. Hoyt (/. Ind. Eng. Chem., 1920, 12, 250 — 253). — The rota- 
tory power before inversion is determined on clarified solutions con- 
taining 3% of monochloroacetic acid, within fifteen minutes of the 
addition of the acid, no inversion occurring within this period at 
the ordinary temperature, A portion of the solution is then heated 
in a tightly stoppered flask for thirty minutes in boiling water, 
and the rotatory power is determined after the cooled solution has 
been kept for at least two hours. When the Ventzkc sugar scale 
is Used the sucrose is calculated by the usual Hcrzfeld formula with 
die substitution of 141'0 for the Tlerzfcld inversion constant. The 
f'esults agree well with tlio>e obtained by the use of iuvertase as 
liydrolvst. [See also 7. Ew, Vhetn. Ind., 1920, May.] 

J. H. L, 
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Colorimetric Estimation of Glycogen. R. Tmgoyj 
{J. Fharm. 1920, [vii], 21, 91 — 93). — Two c.c. of the 

neutralised glycogen solution are treated with two drops of ioduiQ 
solution (iodine 1 gram, potassium iodide 2 grams, water 20 c.c.j, 
and the reddish-brown coloration obtained is compared with those 
given, by known amounts of glycogen under the same conditions 

W. P. s. 

Specific Colour Reaction of Oxalates. V. Maori (ho/, 
Chim. Farm., 1920, 59, 73). — The colour reaction for oxalates 
described by Caron and Raquet (A., 1919, ii, 438) was published 
earlier by the author (A., 1917, ii, 511) as a reaction for deteciing 
manganese salts. The author now finds that addition of an oxidis- 
ing agent, such as a hypochlorite, a dichromate, or hydrogen per 
oxide, is unnecessary, since agitation of a solution of a manganese 
salt in the hot with a little alkali hydroxide causes absorption o{ 
atmospheric oxygen and formation ot» higher oxides of manganese, 
these giving the characteristic red coloration with an oxalate. The 
reaction does not talte place in acid solutions. T. H. P. 

Approximate Estimation of Acetone and Acetoacetic 
Acid when present together in Urine. Emil Lenk and 
Walther Hahn {Mu?ich. med. ]Voch,, 1917, 64, 179; Zentr. 
Biochem. Biophys., 19, 262). — The Legal test was used for the 
detection of acetone and acetoacetic acid collectively and the Rimini 
ethylenediamine test for the detection of acetoacetic acid alone. The 
colours obtained in both tests diminished in intensity very rapidly, 
in applying the reactions the pigment solutions were diluted witli 
water uutil the liquid was colourless. Strongly coloured saiaples 
of urine must first be decolorised. Directions for performing the 
tests, together with tabulated data, are given. 

Chemical Abstracts. 

A New Manometric Ureometer. Paul Bob ay (/. Pham. 
Chim., 1920, [vii], 21, 62—64). — A description is given of a ne^v 
ureometer, the two principal features of which are a. piston with a 
ground surface fitting into the base of the ureometer and the addi- 
tion of a manometric tube to the graduated tube. The apparatus 
is figured in the original, and a detailed account of its structure and 
method of manipulation is given. W. G. 

Estimation of Urea in Blood. A. Slosse {Gompt. rewl -w 
hiol., 1919, 42, 1402 — 1404; from Chem. Zentr., 1920, ii, 427).- 
Comparative estimations by Folin's and the hypobromite methoa 
gave practically always discordant results. Hypobromite uot oiilv 
decomposes urea, but also other nitrogenous substances of the blooci. 
uric acid, creatine, creatinine, and amino-acids, which are invariably 
present, and, in pathological cases, frequently in such quantity that 
they cannot be neglected. The errors which can arise in the calini- 
iatioii of Ambard’s constant from such data are particularly 
considered. H- 
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New Colour Reactions of Quinine. D. Ganassini {11 
pQliclinico, 1917, 24, 344; Arch. ital. htol., 1919, 69, 73). — A 
Qlow coloration, which becomes rose and finally purplish-red, is 
developed when a few drops of pyridine are added to a solution 
of c^uinine or of a quinine salt containing a slight excess of freshly 
prepared chlorine water. The colouring matter is almost insoluble 
in chloroform. Quinidine and euquiuidine respond very feebly 
to the test; cinchonine and cinchonidiue are inert. 

The green coloration developed in the thalleoquinine test with 
bromine water and the minimal amount of arninouia becomes red 
jLfter the addition of one or two drops of a freshly prepared 0‘1% 
solution of potassium ferrioyanide. The colouring matter is 
extracted by chloroform. Chemical Abstracts. 

Indican in the Liquids of Organisms and its Investiga- 
tion for the Identitication of Urine. Leone Lattes {Arch. 
Fanil, sper. Sci. aff.^ 1919, 28, 5—16, 17 — 22). — The detection of 
indican (indoxyl) in a spot forms a good, practical means for 
identifying urine, although theoretically the reaction is not absolu- 
lutely specific. The reaction answers even when the spot has 
undergone putrefactive and similar changes. Failure of the reac- 
tion does not, however, exclude urine, since the spot may have 
experienced accidental alteration, besides which some urines may 
be either very poor in, or quite free from, indoxyl. T, H. P. 

Estimation of Haemoglobiu by the Acid Hsematin 
Method. Louis Berman {Arch. Intern. Med., 1919, 24, 553 — 556). 
—The Sahli method is modified by the use of a standard prepared 
daily, the use of OTA-hydrochloric acid as a diluent throughout, 
and heating the test to boiling for one minute after the first match- 
ing to accelerate and complete the reaction, after which the final 
cliiution and reading are made. Chemical Abstracts. 

A Comparative Study of Various Methods for the 
Estimation of Hemoglobin. Frieda S. Rorschbit (/. Biol. 
Chem., 1920, 41, 209 — 225). — When in Sahli's method the colour 
tubes accompanying the instrument are used, very inaccurate 
results may be obtained because of the decided variance in colour 
density of the standard tubes, due to fading. Palmers method 
(A.. 1918. ii, 88) is good, provided the standard solutions are 
freshly prepared, whilst Newcomer’s method (A., 1919, ii, 179) gives 
good results with the glass 0'96 mm. in thickness. With the 
heavier glass, 1’02 mm. in thickness, the colour match is only 
approximate. A method is presented which applies Palmer’s pro- 
cedure to Sahli’s principle. The standards for this process remain 
inappreciably changed far eleven months, J. C, D. 

Estimation of Methsemoglobin in Blood. William C. 
Btadie (,/. Biol Ohem., 1920, 41, 237— 241).— The method depends 
on the fact that both haemoglobin and methaemoglobin are changed 
Quantitatively into cyanohaemoglobiu by dilute solutions of potassium 
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cysmidB. Tii© colour of 'bh.e Iscttor BubstOiiicB is a* brilliant orange, 
red, and is very suitable for colorimetric comparison. The total 
amount of the hsemoglobin and methaemoglobin is estimated by 
this colorimetric method, whilst the hsemoglobin is determined 
separately from the oxygen capacity, employing V an Slyke’s metbou 
for the gasometric estimation of that pigment. J. C. D. 

The Detection of Blood in Faeces. P. N. van Eck [Ham. 
Weekhlad, 1920, 57, 218— 227).— A critical discussion of the 
methods which have been proposed. A bibliography of the subject 
is appended. S. M. 

Benzidine as Chromogen in Biological Oxidation 
Reactions. M. Kjollbrfeldt (Pfluger’s Archiv, 1918, 172, 

318 334).— The value of benzidine hydrochloride solutions lur 

these tests is dependent on the method of preparation, and on the 
age of the solution. The author recommends a A/200-solutiou of 
the pure hydrochloride as giving the best results. J. C. D. 

Volumetric Estimation of the Alkalinity of Blood; 
Influence of Protein Substances on this Estimation. Its 

Value. Rene Clogne (/. Pharm. Ghim., 1920, [vii], 21. 49—62).^ 
The method recommended is as follows. Five c.c. of the blwd or 
serum are introduced into a 50 c.c. graduated flask diluted 
to 40 c.c. with a saturated solution of sodium chloride. The mix- 
ture is heated on a boiling water-bath, and to it 6 c.c. of iV /lO-nitric 
acid are added. After three minutes the liquid is cooled and made 
up to the mark with more sodium chloride solution and filtered, 
Forty c.c, of the filtrate are titrated with A/ 10-sodium hydroxide 
solution, using phenolphthalein as an indicator. The average oi 
the results obtained from the blood of fourteen normal individuals, 
very slightly wounded, was an alkalinity equivalent to 317 graiu? 
of sodium hydroxide per litre. The average for ten men suffenr.g 
from severe shock was 2-79 grams per litre, and for eight men 
severely wounded and suffering from gas gangrene was 2-86 grains 

per litre. t ■ i j i ^ 

Further investigation showed that the results obtained depentiea. 
to a considerable extent, on the amount of A /10-acid added, the 
variations obtained being due to the preifeiice of protein. 
results obtained with a ‘solution of cgg-albumin and with blooa 
serum indicate that the alkalinity results are probably a functicii 
of the protein present rather than of the alkaline bases, W. G. 

Apparatus for Measurement of Oxydase and Catalase 
Activity. R. B. Harvey (/. Oen. Physiol., 1920, 2, 253--354- 
A description of a modified Bnnzel apparatus (A,, 1914, ^ 

The source of error in the earlier forms of apparatus is a 
to absorb carbon dioxide which is produced. This error is removea 
in the nev/ de.-ign by using an alkali hydroxide tube, J' F/. 




